
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

BASIS OF DESIGN 

REPORT 

 

 

 

 

Department of Public 

Works and Utilities 

City of Westminster 

June 21, 2021 

Department of Public 

City of Westminster 

Water 2025 Process Selection and 

Pilot Plant Project 



Table of Contents

Section 1 Executive Summary............................................................................................1-1
1.1 Background and Introduction ..............................................................................................................................1-1
1.2 Treatment Process Evaluation Summary........................................................................................................1-1
1.3 Water Treatment Processes ..................................................................................................................................1-2
1.4 Other Design Considerations ................................................................................................................................1-3
1.5 Opinion of Probable Construction Costs..........................................................................................................1-4

Section 2 Background and Introduction .............................................................................2-1
2.1 Project Overview........................................................................................................................................................2-1
2.2 Existing Supply, Treatment, and Transmission System............................................................................2-1

Section 3 Water Quality Goals and Treatment Process Selection .......................................3-1
3.1 Water Quality...............................................................................................................................................................3-1

3.1.1 Raw Water Quality.......................................................................................................................................3-1
3.1.2 Water Quality Treatment Goals .............................................................................................................3-2

3.2 Process Train Selection ...........................................................................................................................................3-5
3.2.1 Description of Alternatives ......................................................................................................................3-5
3.2.2 Recommended Process Train .................................................................................................................3-6

3.2.3.1 Basic Design Requirements........................................................................................................3-7
3.2.4 Process Flow Diagram................................................................................................................................3-8
3.2.5 Hydraulic Profile...........................................................................................................................................3-8

Section 4 Water Treatment Processes ...............................................................................4-1
4.1 Raw Water Flow & Pressure Control.................................................................................................................4-1

4.1.1 Objectives and Approach ..........................................................................................................................4-1
4.1.1.1 Control Objectives ..........................................................................................................................4-1
4.1.1.2 Design Alternatives........................................................................................................................4-1
4.1.1.3 Recommended Alternative.........................................................................................................4-2

4.1.2 Flow Control and Pressure Reducing Valve Design Criteria .....................................................4-2
4.1.3 Major Equipment Components ..............................................................................................................4-2
4.1.4 Process Facility Layout ..............................................................................................................................4-3

4.2 Rapid Mix.......................................................................................................................................................................4-4
4.2.1 Treatment Objectives and Approach...................................................................................................4-4

4.2.1.1 Treatment Objectives ...................................................................................................................4-4
4.2.1.2 Design Alternatives........................................................................................................................4-5
4.2.1.3 Recommended Alternative.........................................................................................................4-5

4.2.2 Process Design Criteria..............................................................................................................................4-6
4.2.3 Major Equipment Components ..............................................................................................................4-8
4.2.4 Process Facility Layout ..............................................................................................................................4-9

4.3 Flocculation................................................................................................................................................................4-10
4.3.1 Treatment Objectives and Approach ................................................................................................4-10

4.3.1.1 Treatment Objectives.................................................................................................................4-10
4.3.1.2 Design Alternatives.....................................................................................................................4-11
4.3.1.3 Recommended Alternative ......................................................................................................4-11



4.3.2 Process Design Criteria ...........................................................................................................................4-11
4.3.3 Major Equipment Components............................................................................................................4-13
4.3.4 Process Facility Layout ...........................................................................................................................4-13

4.4 Sedimentation...........................................................................................................................................................4-15
4.4.1 Treatment Objectives and Approach ................................................................................................4-15

4.4.1.1 Treatment Objectives.................................................................................................................4-15
4.4.1.2 Design Alternatives.....................................................................................................................4-15
4.4.1.3 Recommended Alternative ......................................................................................................4-15

4.4.2 Process Design Criteria ...........................................................................................................................4-16
4.4.3 Major Equipment Components............................................................................................................4-18
4.4.4 Process Facility Layout ...........................................................................................................................4-19

4.5 Ozone ...........................................................................................................................................................................4-20
4.5.1 Treatment Objectives and Approach ................................................................................................4-20

4.5.1.1 Ozone CT Disinfection Analysis .............................................................................................4-21
4.5.1.2 Design Alternatives.....................................................................................................................4-26

4.5.2 Process Design Criteria ...........................................................................................................................4-29
4.5.3 Major Equipment Components............................................................................................................4-36
4.5.4 Process Facility Layout ...........................................................................................................................4-42

4.6 Filtration .....................................................................................................................................................................4-46
4.6.1 Treatment Objectives and Approach ................................................................................................4-46

4.6.1.1 Treatment Objectives.................................................................................................................4-46
4.6.1.2 Design Alternatives.....................................................................................................................4-46
4.6.1.3 Recommended Alternative ......................................................................................................4-47

4.6.2 Process Design Criteria ...........................................................................................................................4-48
4.6.3 Major Equipment Components............................................................................................................4-52
4.6.4 Process Facility Layout ...........................................................................................................................4-56

4.7 Post-Filter Chlorination........................................................................................................................................4-58
4.7.1 Treatment Objectives and Approach ................................................................................................4-58

Design Alternatives....................................................................................................................................4-58
4.7.2 Recommended Alternative....................................................................................................................4-60
4.7.3 Process Design Criteria ...........................................................................................................................4-61

4.8 Biostability .................................................................................................................................................................4-62
4.8.1 Biodegradable Organic Matter (BOM)..............................................................................................4-62
4.8.2 Biofiltration and Ozonation...................................................................................................................4-63
4.8.3 Results of Water2025 Pilot Testing...................................................................................................4-64
4.8.4 Recommendations ....................................................................................................................................4-64

4.8.4.1 Recommended Long-Term Sampling Program ..............................................................4-64
4.8.4.2 Considerations for Plant Startup...........................................................................................4-64

4.9 Corrosion Control....................................................................................................................................................4-65
4.9.1 Revised LCR .................................................................................................................................................4-65
4.9.2 Proposed Compliance Strategy............................................................................................................4-66

4.9.2.1 Design Considerations...............................................................................................................4-66



4.10 Monitoring and Sampling Evaluation ..........................................................................................................4-66
4.10.1 Introduction and Approach................................................................................................................4-67
4.10.2 Regulatory Compliance Monitoring................................................................................................4-68
4.10.3 Water Treatment Performance Monitoring ................................................................................4-69

Section 5 Chemical Systems...............................................................................................5-1
5.1 Primary Chemicals ....................................................................................................................................................5-1

5.1.1 Treatment Objectives and Approach...................................................................................................5-1
5.1.1.1 Treatment Objectives ...................................................................................................................5-1
5.1.1.2 CDPHE Chemical Systems Design Criteria...........................................................................5-2
5.1.1.3 Primary Chemical Applications................................................................................................5-3
5.1.1.4 Lime Equipment..............................................................................................................................5-4
5.1.1.5 Recommended System Components......................................................................................5-5

5.2 Alternative Chemicals ..............................................................................................................................................5-6
5.2.1 Treatment Objectives and Approach...................................................................................................5-6

5.2.1.1 Treatment Objectives ...................................................................................................................5-6
5.2.1.2 Treatment Objectives ...................................................................................................................5-6

5.3 Future Chemicals .......................................................................................................................................................5-8
5.4 Process Design Criteria ...........................................................................................................................................5-8
5.6 Major Equipment Components .........................................................................................................................5-13

5.6.1 Storage Vessels ...........................................................................................................................................5-13
5.6.1.1 Tanks.................................................................................................................................................5-13
5.6.1.2 Secondary Containment............................................................................................................5-14
5.6.1.3 Chemical Feed Pumps................................................................................................................5-14
5.6.1.4 Flow Meters....................................................................................................................................5-16
5.6.1.5 Emergency Shower .....................................................................................................................5-16
5.6.1.6 General Equipment .....................................................................................................................5-16

5.7 Facility Layout ..........................................................................................................................................................5-16
5.7.1 Chemical Building......................................................................................................................................5-16

5.7.1.1 Utility Corridor..............................................................................................................................5-17
5.7.1.2 Yard Piping .....................................................................................................................................5-17
5.7.1.3 Lime Equipment ...........................................................................................................................5-17

Section 6 Residuals Handling .............................................................................................6-1
6.1 Gravity Thickening ....................................................................................................................................................6-2

6.1.1 Treatment Objectives and Approach...................................................................................................6-2
6.1.2 Process Design Criteria..............................................................................................................................6-3
6.1.3 Major Equipment Components ..............................................................................................................6-3
6.1.4 Facility Layout ...............................................................................................................................................6-4

6.2 Mechanical Dewatering...........................................................................................................................................6-4
6.2.1 Treatment Objectives and Approach...................................................................................................6-4

6.2.1.1 Recommended Alternative.........................................................................................................6-4
6.2.2 Process Design Criteria..............................................................................................................................6-6
6.2.3 Major Equipment Components ..............................................................................................................6-7



6.2.4 Facility Layout ...............................................................................................................................................6-9
6.3 Backwash Equalization Basin...............................................................................................................................6-9

6.3.1 Treatment Objectives and Approach...................................................................................................6-9
6.3.1.1 Recommended Alternative ......................................................................................................6-11

6.3.2 Process Design Criteria ...........................................................................................................................6-11
6.3.3 Major Equipment Components............................................................................................................6-11
6.3.4 Facility Layout.............................................................................................................................................6-11

6.4 Recycle Pump Station ............................................................................................................................................6-13
6.4.1 Treatment Objectives and Approach ................................................................................................6-13
6.4.2 Process Design Criteria ...........................................................................................................................6-13
6.4.3 Major Equipment Components............................................................................................................6-13

6.5 Dewatering Beds......................................................................................................................................................6-14
6.5.1 Treatment Objectives and Approach ................................................................................................6-15
6.5.2 Process Design Criteria ...........................................................................................................................6-15
6.5.3 Major Equipment Components............................................................................................................6-15
6.5.4 Facility Layout.............................................................................................................................................6-16

Section 7 Process Instrumentation and Controls................................................................7-1
7.1 Control Philosophy....................................................................................................................................................7-1

7.1.1 Communications with Existing Infrastructure................................................................................7-1
7.2 System Architecture .................................................................................................................................................7-1

7.2.1 PLC Design.......................................................................................................................................................7-2
7.2.2 HMI Design......................................................................................................................................................7-3
7.2.3 Control System Network Hardware Preferences ...........................................................................7-3

7.2.3.1 UPS Systems......................................................................................................................................7-3
7.2.3.2 Field Equipment and Instruments ..........................................................................................7-3
7.2.3.3 Vibration and Temperature Monitoring Systems ............................................................7-4

7.3 Cybersecurity...............................................................................................................................................................7-4
7.4 Operational Overview..............................................................................................................................................7-5

7.4.2 Raw Water Flow Control and Water Quality Monitoring ...........................................................7-7

Section 8 Civil/Site Facilities and Site Master Plan Summary .............................................8-1
8.1 Design Requirements ...............................................................................................................................................8-1

8.1.1 Community Work Group...........................................................................................................................8-1
8.1.2 City and Design Team.................................................................................................................................8-1
8.1.3 Base Map, Survey Datum and Coordinate System .........................................................................8-2
8.1.4 Earthwork and Site Preparation............................................................................................................8-4

8.1.4.1 General Site and Subgrade Preparation................................................................................8-4
8.1.4.2 Structural Fill....................................................................................................................................8-4
8.1.4.3 Drainage Considerations.............................................................................................................8-4
8.1.4.4 Temporary Slopes and Excavations .......................................................................................8-5
8.1.4.5 Utilities ................................................................................................................................................8-5
8.1.4.6 Construction Equipment Mobility...........................................................................................8-5
8.1.4.7 Grading and Permanent Slopes ................................................................................................8-6



8.1.5 Roadways.........................................................................................................................................................8-6
8.1.5.1 Minimum Width ..............................................................................................................................8-6
8.1.5.2 Roadway Design Loading............................................................................................................8-6
8.1.5.3 Minimum Curve Radius ...............................................................................................................8-6
8.1.5.4 Maximum Slope...............................................................................................................................8-7
8.1.5.5 Preliminary Minimum Pavement Sections..........................................................................8-7
8.1.5.6 Special Construction......................................................................................................................8-8
8.1.5.7 Striping and Marking ....................................................................................................................8-8

8.2 Site Plan..........................................................................................................................................................................8-8
8.2.1 Design Alternatives .....................................................................................................................................8-8
8.2.2 Recommended Site Layout.......................................................................................................................8-8
8.2.3 Phase 1 Approach......................................................................................................................................8-10
8.2.4 Build-out Approach ..................................................................................................................................8-12

8.3 Yard Piping.................................................................................................................................................................8-12
8.3.1 Yard Valves and Hydrants .....................................................................................................................8-13
8.3.2 Manholes and Vaults ................................................................................................................................8-13
8.3.3 Soil Corrosiveness and Corrosion Control......................................................................................8-13
8.3.4 Buried Service Materials of Construction .......................................................................................8-13
8.3.5 Primary Tie-in Points...............................................................................................................................8-14

8.4 Drainage ......................................................................................................................................................................8-15
8.4.1 Site Description ..........................................................................................................................................8-15
8.4.2 Major Basin Description .........................................................................................................................8-16
8.4.3 Sub-Basin and Site Drainage.................................................................................................................8-16
8.4.4 Drainage Design Criteria ........................................................................................................................8-17
8.4.5 Drainage Studies, Outfall System Plans, Site Constraints.........................................................8-17
8.4.6 Hydrology .....................................................................................................................................................8-17
8.4.7 Hydraulics.....................................................................................................................................................8-18
8.4.8 Water Quality Enhancement.................................................................................................................8-19
8.4.9 Groundwater Investigation...................................................................................................................8-19
8.4.10 Stormwater Management Facility Design General Concept.................................................8-19
8.4.11 Specific Details .........................................................................................................................................8-20
8.4.12 Compliance with Standards................................................................................................................8-21
8.4.13 Drainage Concept....................................................................................................................................8-21

8.5 Traffic Control Strategy ........................................................................................................................................8-21
8.6 Sustainability.............................................................................................................................................................8-24
8.7 Noise Attenuation ...................................................................................................................................................8-24
8.8 Security........................................................................................................................................................................8-28

Section 9 Architectural Considerations ..............................................................................9-1
9.1 Introduction .................................................................................................................................................................9-1
9.2 Applicable Codes and Standards .........................................................................................................................9-1
9.3 Architectural Design Criteria ................................................................................................................................9-2

9.3.1 General..............................................................................................................................................................9-2
9.3.2 Visual Criteria ................................................................................................................................................9-2



9.3.3 Architectural Character .............................................................................................................................9-3
9.3.4 Safety .................................................................................................................................................................9-4
9.3.5 Accessibility ....................................................................................................................................................9-4
9.3.6 Energy Efficiency..........................................................................................................................................9-4

9.4 Building Materials......................................................................................................................................................9-5
9.4.1 Durability and Design Life........................................................................................................................9-5
9.4.2 Materials and Systems ...............................................................................................................................9-5

9.5 Sustainability ...............................................................................................................................................................9-6
9.6 Summary of Features for Proposed Buildings ..............................................................................................9-8

9.6.1 Admin/Maintenance Building ................................................................................................................9-8
9.6.2 Chemical Storage Building .......................................................................................................................9-8
9.6.3  Raw Water Control Building ..................................................................................................................9-9
9.6.4 Process Building ...........................................................................................................................................9-9
9.6.5 High Service Pump Station Building..................................................................................................9-10
9.6.6 Recycle Pump Building............................................................................................................................9-10

Section 10 Electrical Service.............................................................................................10-1
10.1 Electrical Design Approach Overview .........................................................................................................10-1
10.2 Applicable Codes and Standards....................................................................................................................10-2
10.3 Electrical Site Plan and Power Distribution..............................................................................................10-3

10.3.1 Laboratory Overall and Subsection Metering ............................................................................10-3
10.4 Electrical Equipment Selection.......................................................................................................................10-3
10.5 Lighting Design......................................................................................................................................................10-8
10.6 Grounding and Lightning Protection System ...........................................................................................10-9
10.7 Conduits, Wires, and Support Material .......................................................................................................10-9
10.8 Area Classification and NEMA Rating of Electrical Equipment......................................................10-10
10.9 Electrical System Analysis .............................................................................................................................10-11
10.10 Electrical System Testing.............................................................................................................................10-12

Section 11 HVAC/Plumbing/Fire Prevention ....................................................................11-1
11.1 Applicable Codes and Standards....................................................................................................................11-1
11.2 HVAC Design Criteria ..........................................................................................................................................11-1

11.2.1 Process Building......................................................................................................................................11-1
11.2.1.1 Rapid Mix Area ...........................................................................................................................11-1
11.2.1.2 Floc/Sed Area .............................................................................................................................11-2
11.2.1.3 Ozone Generation Equipment Area...................................................................................11-3
11.2.1.4 Filter Area.....................................................................................................................................11-4

11.2.2 Chemical Building...................................................................................................................................11-5
11.2.2.1 Sodium Hypochlorite Room .................................................................................................11-5
11.2.2.2 Electrical Room..........................................................................................................................11-6
11.2.2.3 All Other Areas ...........................................................................................................................11-7

11.2.3 Ancillary Facilities ..................................................................................................................................11-7
11.2.3.1 RW BUILDING.............................................................................................................................11-7
11.2.3.2 Backwash Equalization Basin ..............................................................................................11-8



11.2.3.3 Gravity Thickener .....................................................................................................................11-8
11.2.3.4 High Service Pump Station....................................................................................................11-9
11.2.3.5 Electrical Building ..................................................................................................................11-10
11.2.3.6 Mechanical Dewatering Building.....................................................................................11-10
11.2.3.7 Recycle Pump Station ...........................................................................................................11-11
11.2.3.8 Maintenance Warehouse.....................................................................................................11-11
11.2.3.9 Maintenance Building Office..............................................................................................11-12

11.2.4 HVAC Energy Source Evaluation ...................................................................................................11-12
11.2.4.1 100 % Electrical Energy Source.......................................................................................11-12
11.2.4.2 Natural Gas Energy Source.................................................................................................11-15
11.2.4.3 Electric vs. Natural Gas Cost Opinion Comparison ..................................................11-15

11.2.5 HVAC Controls .......................................................................................................................................11-16
11.3 Plumbing Design Criteria ...............................................................................................................................11-16

11.3.1 Process Building ...................................................................................................................................11-16
11.3.2 Chemical Building ................................................................................................................................11-16
11.3.3 Ancillary Facilities ...............................................................................................................................11-16

11.4 Fire Protection Design Criteria ....................................................................................................................11-17
11.4.1 Process Building ...................................................................................................................................11-17
11.4.2 Chemical Building ................................................................................................................................11-17

Section 12 Structural Systems..........................................................................................12-1
12.1 Applicable Codes and Standards....................................................................................................................12-1
12.2 Structural Design Criteria .................................................................................................................................12-2

12.2.1 Risk category ............................................................................................................................................12-2
12.2.2 Dead Loads ................................................................................................................................................12-2
12.2.3 Live Loads ..................................................................................................................................................12-2
12.2.4 Snow Loads................................................................................................................................................12-3
12.2.5 Wind Loads................................................................................................................................................12-3
12.2.6 Seismic Loads ...........................................................................................................................................12-3
12.2.7 Hydrodynamic Loads ............................................................................................................................12-4
12.2.8 Soil Loads ...................................................................................................................................................12-4
12.2.9 Load Combinations ................................................................................................................................12-5
12.2.10 Liquid Tightness Criteria ..................................................................................................................12-6
12.2.11 Serviceability Criteria.........................................................................................................................12-6

12.2.11.1 Deflection...................................................................................................................................12-6
12.2.11.2 Vibration.....................................................................................................................................12-6

12.3 Building Foundation Systems .........................................................................................................................12-7
12.3.1 Geotechnical Findings...........................................................................................................................12-7

12.3.1.1 Frost Protection.........................................................................................................................12-7
12.3.1.2 Shallow Foundation Support ...............................................................................................12-7
12.3.1.3 Settlement and Heave .............................................................................................................12-8
12.3.1.4 Buoyancy General Criteria ....................................................................................................12-8
12.3.1.5 Soil Corrosiveness.....................................................................................................................12-9

12.4 Building Systems...................................................................................................................................................12-9



12.4.1 Process Building......................................................................................................................................12-9
12.4.2 Chemical Building...................................................................................................................................12-9
12.4.3 Ancillary Facilities ...............................................................................................................................12-10

12.4.3.1 Raw Water Control Building..............................................................................................12-10
12.4.3.2 High Service Pump Station .................................................................................................12-10
12.4.3.3 Administration and Maintenance Building .................................................................12-10
12.4.3.4 Recycle Pump Station ...........................................................................................................12-10
12.4.3.5 Dewatering Building .............................................................................................................12-10
12.4.3.6 Backwash Equalization Basin ...........................................................................................12-11
12.4.3.7 Solids Drying Beds .................................................................................................................12-11

12.5 Structural Materials ..........................................................................................................................................12-11
12.5.1 Concrete ...................................................................................................................................................12-11

12.5.1.1 Concrete Design ......................................................................................................................12-11
12.5.2 Steel............................................................................................................................................................12-13

12.5.2.1 Steel Design...............................................................................................................................12-13
12.5.2.2 Steel Deck...................................................................................................................................12-13
12.5.2.3 Joists and Joist Girders .........................................................................................................12-14
12.5.2.4 Gratings.......................................................................................................................................12-14

12.5.3 Masonry....................................................................................................................................................12-14
12.5.3.1 Masonry Design.......................................................................................................................12-14

12.5.4 Aluminum................................................................................................................................................12-14
12.5.5 Aluminum Design.................................................................................................................................12-15
12.5.6 Anchors.....................................................................................................................................................12-15

Section 13 Finished Water Storage, High Service Pump Station, and Discharge Main .......13-1
13.1 Finished Water Storage Design Criteria .....................................................................................................13-1

13.1.1 Appurtenances.........................................................................................................................................13-1
13.2 High Service Pump Station Design Criteria ...............................................................................................13-2

13.2.1 Hydraulic Design Conditions .............................................................................................................13-2
13.2.1.1 Flow and Phasing Summary .................................................................................................13-2
13.2.1.2 Finished Water Storage and Pump Station Elevations and Operating 

Ranges ...................................................................................................................................13-2
13.2.2 Pumping Equipment, Process Piping, and Additional Appurtenances............................13-3

13.2.2.1 Finished Water Pumps............................................................................................................13-3
13.2.2.2 Process Piping ............................................................................................................................13-3
13.2.2.3 Additional Appurtenances ....................................................................................................13-3

13.2.3 Pumping Control .....................................................................................................................................13-3
13.3 Finished Water Pipeline Design Criteria ....................................................................................................13-4

13.3.1 Appurtenances.........................................................................................................................................13-4

Section 14 Permitting Requirements ...............................................................................14-1
14.1 Phase I Environmental Site Assessment (ESA)........................................................................................14-1
14.2 Cultural Resource Desktop Review ..............................................................................................................14-2
14.3 Class III Cultural Resources Inventory........................................................................................................14-2



14.4 Noxious Weed and Invasive Species Vegetation Control Management Plan..............................14-3
14.5 Environmental Survey........................................................................................................................................14-3

14.5.1 Waters of the United States (WOUS) Review .............................................................................14-3
14.5.2 Regulated Species Review...................................................................................................................14-4
14.5.3 Tree Species, Conditions, and Specifications ..............................................................................14-5

14.6 Colorado Division of Water Resources (CO DWR) Permitting..........................................................14-5
14.7 Future Permitting Tasks....................................................................................................................................14-6

14.7.1 Stormwater Permitting ........................................................................................................................14-6
14.7.2 Air Permitting...........................................................................................................................................14-6
14.7.3 Water Treatment Plant Wastewater Discharge Permit .........................................................14-6
14.7.4 CDPHE Dewatering Discharge Permit ...........................................................................................14-6

Section 15 Opinion of Probable Construction Costs .........................................................15-1
15.1 Capital Cost Estimate ..........................................................................................................................................15-1

15.1.1 Methodology .............................................................................................................................................15-1
15.1.2 Phase 1 Construction Cost Estimate and Schedule ..................................................................15-1

15.2 Annual Operations and Maintenance Cost Estimate.............................................................................15-2
15.3 Bidding Environment and Cost Uncertainties .........................................................................................15-4



List of Figures
Figure 3-1. Process Flow Diagram for Selected Process Train............................................................................3-9
Figure 3-2. Hydraulic Profile ...........................................................................................................................................3-11
Figure 4-1. Process Treatment Module .........................................................................................................................4-1
Figure 4-2. Sleeve Valve .......................................................................................................................................................4-3
Figure 4-3. Orifice Valve.......................................................................................................................................................4-3
Figure 4-4. Raw Water Control Building Plan-View of Facility with PRVs ....................................................4-4
Figure 4-5. Stationary Static Mixer..................................................................................................................................4-8
Figure 4-6. Vertical Turbine Rapid Mixer In a Concrete Basin............................................................................4-9
Figure 4-7. Lower-Level Pretreatment Gallery ..........................................................................................................4-9
Figure 4-8. Upper-Level Rapid Mix Gallery...............................................................................................................4-10
Figure 4-9. Vertical Turbine Flocculator ....................................................................................................................4-13
Figure 4-10. Conceptual Layout of Flocculation Process ....................................................................................4-14
Figure 4-10a. Conceptual Layout of Flocculation Process (without Platforms) .......................................4-14
Figure 4-11. Inclined Plate Settlers ..............................................................................................................................4-18
Figure 4-12. Hoseless Cable-Vac Solids Collector...................................................................................................4-18
Figure 4-13. Conceptual Layout of Sedimentation Basins and Inclined Plate Settlers ..........................4-19
Figure 4-14. Conceptual Layout of Hoseless Solids Collector ...........................................................................4-20
Figure 4-15. Schematic of Intermediate Ozone Contactor Showing CT Zones and Sample 

Locations for Monitoring Disinfection Credit ...........................................................................4-23
Figure 4-16. Ozone CT Design Curves for 1-Log Giardia and 2-Log Virus Inactivation at 

Maximum Contactor Flow of 16 MGD (2 Contactors in Service)......................................4-24
Figure 4-17. Ozone CT Design Curves for 1-Log Giardia and 2-Log Virus Inactivation at 

Minimum Contactor Flow of 3.1 MGD (1 Contactor in Service)........................................4-25
Figure 4-18. Schematic of Intermediate Ozone System for Westminster’s Water2025 WTP.............4-37
Figure 4-19. Photographs of Horizontal and Vertical Liquid Oxygen Tank and Vaporizer 

Equipment Layouts ..............................................................................................................................4-38
Figure 4-20. Photographs of Traditional (SUEZ) and Modular (Pinnacle) Ozone Generator 

Technologies for Municipal Ozone Systems ..............................................................................4-40
Figure 4-21. Schematic of Sidestream Injection Ozone Dissolution System with Basin Nozzle 

Manifold.....................................................................................................................................................4-40
Figure 4-22. Photographs of Sidestream Injection Equipment (Pumps, Injectors and Nozzle 

Manifold) for 20 MGD Trap Rock WTP, Loudoun County, VA ...........................................4-41
Figure 4-23. Photographs of Intermediate Ozone Offgas Destruct Units for 20 MGD Trap Rock 

WTP, Loudoun County, VA ................................................................................................................4-41
Figure 4-24. 3D Model Views of Liquid Oxygen and Vaporization Area ......................................................4-42
Figure 4-25. 3D Model Views of Upper Level of Ozone Facility for Phase 1 Treatment Module.......4-43
Figure 4-26. 3D Model Views of Ozone Contactor Basins and Pipe Gallery for Phase 1 Treatment 

Module .......................................................................................................................................................4-44
Figure 4-27. 3D Model Views of Lower Level of Ozone Facility for Phase 1 Treatment Module.......4-45
Figure 4-28. Filter Box Components ............................................................................................................................4-53



Figure 4-29. Proposed Filter Underdrain System Example ...............................................................................4-54
Figure 4-30: 3D Model View of Filter Operating Gallery Level ........................................................................4-56
Figure 4-31: Process Building Section View of Filter Maintenance Gallery................................................4-57
Figure 4-32: Process Building Section View of Filter Maintenance Gallery................................................4-58
Figure 4-33. 3 MG Finished Water Storage Tank with Flow Diversion Baffles .........................................4-60
Figure 4-34. Compliance Sampling and Monitoring Plan ...................................................................................4-67
Figure 5-1. Splitting Panel Arrangement ...................................................................................................................5-15
Figure 5-2. Chemical Building Room Layout ............................................................................................................5-18
Figure 5-3. Chemical Building 3D Layout ..................................................................................................................5-19
Figure 5-4. Tunnel between Process Building and Chemical Building .........................................................5-20
Figure 5-5. Lime Silo Location ........................................................................................................................................5-21
Figure 6-1. Conceptual Drawing of Gravity Thickener ...........................................................................................6-5
Figure 6-2. Dewatering Building Conceptual Layout............................................................................................6-10
Figure 6-3. Equalization Basin Layout ........................................................................................................................6-12
Figure 6-4. Conceptual Layout of the Three Dewatering Beds.........................................................................6-17
Figure 8-1. Proposed Site Plan ..........................................................................................................................................8-9
Figure 8-2. Proposed Phase 1 Site Plan ......................................................................................................................8-11
Figure 8-2. Water2025 Topography Map ..................................................................................................................8-15
Figure 8-3. Water2025 Drainage Map.........................................................................................................................8-17
Figure 8-4. Ambient Sound Level Study Monitoring Locations........................................................................8-25
Figure 9-1. View from Westminster Blvd .....................................................................................................................9-3
Figure 9-2. Aerial Site View ................................................................................................................................................9-3
Figure 9-3. Maintenance Building Layout ....................................................................................................................9-8
Figure 9-4. Chemical Building Layout ............................................................................................................................9-9

List of Tables
Table 1-1. Benchmark Water Quality Conditions .....................................................................................................1-1
Table 3-1. Benchmark Water Quality Conditions .....................................................................................................3-1
Table 3-2. Benchmarked Raw Source Water Quality for Normal, Challenging, and Catastrophic 

Conditions ...................................................................................................................................................3-2
Table 3-3. Microbiological Water Quality Goals ........................................................................................................3-3
Table 3-4. Disinfection and Disinfection By-Product Water Quality Goals....................................................3-3
Table 3-5. Water Quality Goals for Inorganics and Radionuclides....................................................................3-3
Table 3-6. Water Quality Goals for Secondary Drinking Water Regulations and Corrosivity ...............3-4
Table 3-7. Water Quality Goals for Future Regulations and CECs .....................................................................3-4
Table 3-8. Non-Regulatory Treatment Goals ..............................................................................................................3-5
Table 3-11. Water2025 WTP Design Flows.................................................................................................................3-8
Table 4-1. Design Criteria for Pressure Reducing Valves ......................................................................................4-2
Table 4-2. Rapid Mix System Design Alternatives ....................................................................................................4-5
Table 4-3. Process Design Criteria for Three-Stage Rapid Mix System ...........................................................4-6



Table 4-4. Flocculation System Design Alternatives.............................................................................................4-11
Table 4-5. Flocculation System Design Criteria.......................................................................................................4-12
Table 4-6. Sedimentation System Design Alternatives ........................................................................................4-15
Table 4-7. Sedimentation Process Design Criteria.................................................................................................4-17
Table 4-8: Input and Output Parameters for CT Disinfection Analysis Model ..........................................4-22
Table 4-9. Ozone Generator Capacity Turndown Analysis.................................................................................4-27
Table 4-10. Comparison of Ozone Dissolution Alternatives..............................................................................4-29
Table 4-11. Process Design Criteria - Intermediate Ozonation...............................................................................4-30
Table 4-12. Preliminary Design Criteria - Liquid Oxygen and Supplemental Nitrogen Systems ......4-31
Table 4-13. Preliminary Design Criteria – Ozone Generator System.............................................................4-32
Table 4-14. Preliminary Design Criteria – Ozone Dissolution System ..........................................................4-34
Table 4-15. Preliminary Design Criteria - Ozone Contacting System ............................................................4-35
Table 4-16. Preliminary Design Criteria - Ozone Destruct System.................................................................4-36
Table 4-17. Comparison of Traditional and Modular Ozone Generators.....................................................4-39
Table 4-18. Filtration System Design Alternatives ................................................................................................4-47
Table 4-19. Preliminary Process Design Criteria—Filtration...........................................................................4-48
Table 4-20. Proposed Filter Geometry and Relevant Elevations.....................................................................4-51
Table 4-21: Proposed Filter Piping Diameters ........................................................................................................4-55
Table 4-22. Technical Comparison of Chlorine Contact Basin and Storage Tank Design 

Alternatives..............................................................................................................................................4-60
Table 4-23. Finished Water Tank and Storage Requirements..........................................................................4-61
Table 4-24. Biofilter Performance Drivers and their Impact (Table 1-2 from Brown et al. 2020)...4-63
Table 4-25. Proposed Response Actions for Trigger Level and Action Level Exceedance...................4-65
Table 4-26. Corrosion Control Criteria .......................................................................................................................4-66
Table 5-1. Recommended Primary Chemicals and Their Principal Uses........................................................5-1
Table 5-2. CDPHE Design Criteria Guidelines.............................................................................................................5-3
Table 5-3. Recommended Alternative Chemicals and Their Principal Uses .................................................5-6
Table 5-4. Design Criteria for Storage Vessels............................................................................................................5-8
Table 5-5. Design Criteria for Secondary Containment..........................................................................................5-9
Table 5-6. Design Criteria for Metering Pumps .........................................................................................................5-9
Table 5-7. Chemical Properties ......................................................................................................................................5-10
Table 5-8. Chemical Application Locations ...............................................................................................................5-10
Table 5-9. Chemical Doses and Usage .........................................................................................................................5-11
Table 5-10. Chemical Feed Rates for Phase 1...........................................................................................................5-11
Table 5-11. Chemical Storage Vessels .........................................................................................................................5-12
Table 6-1. Residuals Handling System Phase 1 Design Criteria Overview ....................................................6-2
Table 6-2. Gravity Thickener Design Criteria .............................................................................................................6-3
Table 6-3. Gravity Thickener Design ..............................................................................................................................6-4
Table 6-4. Mechanical Dewatering Hydraulic and Solids Loading Rates........................................................6-6
Table 6-5. Mechanical Dewatering Operational Assumptions ............................................................................6-6
Table 6-6. Dewatering Polymer Dosing.........................................................................................................................6-6
Table 6-7. Mechanical Dewatering Design...................................................................................................................6-7



Table 6-8. Mechanical Dewatering ..................................................................................................................................6-7
Table 6-9. Thickened Solids Pump Station Design ...................................................................................................6-8
Table 6-10. Polymer System...............................................................................................................................................6-8
Table 6-11. Solids Conveyors.............................................................................................................................................6-8
Table 6-12. Roll Off Bins.......................................................................................................................................................6-9
Table 6-13. Equalization Basin Design Criteria.......................................................................................................6-11
Table 6-14. Equalization Basin Design........................................................................................................................6-11
Table 6-15. Recycle Stream Flow ..................................................................................................................................6-13
Table 6-16. Recycle Pump Design – Low Flow ........................................................................................................6-14
Table 6-17. Recycle Pump Design – High Flow June – September..................................................................6-14
Table 6-18. Dewatering Beds Solids Loading...........................................................................................................6-15
Table 6-19. Drying Beds ....................................................................................................................................................6-15
Table 7-1. Anticipated Treatment Units in Service at Plant Flow Rates from 5 to 32 MGD ...................7-8
Table 8-1. CWG Key Elements ...........................................................................................................................................8-1
Table 8-2. City and Design Team Criteria .....................................................................................................................8-2
Table 8-3. Survey Control Points Table .........................................................................................................................8-3
Table 8-4. Minimum Pavement Sections.......................................................................................................................8-7
Table 8-4. Site Plan Alternatives.......................................................................................................................................8-8
Table 8-5. Soil Corrosion Series Test Results...........................................................................................................8-13
Table 8-6. Pipe Materials by Service ............................................................................................................................8-14
Table 8-7. Characteristic Rainfall Depths for Major and Minor Storms........................................................8-18
Table 8-8. Recommended Pipe Sizes and Associated Peak Flows for Major and Minor Storms .......8-18
Table 8-9. 72 Hour Ambient Sound Level Survey for Monitor Locations 1 and 2....................................8-26
Table 8-10. 72 Hour Ambient Sound Level Survey for Monitor Locations 3 and 4.................................8-26
Table 10-1. General Electrical Design Criteria.........................................................................................................10-4
Table 10-2. Motor Controllers Design Criteria ........................................................................................................10-5
Table 10-3. Standalone Variable Frequency Drives Design Criteria..............................................................10-6
Table 10-4. Motor Control Centers Design Criteria...............................................................................................10-7
Table 10-5. Lighting Transformers and Panelboards Design Criteria ..........................................................10-7
Table 10-6. Equipment Control Design Criteria......................................................................................................10-7
Table 10-7. LV Switchboard.............................................................................................................................................10-8
Table 10-8. Metal-Clad Switchgear (MVSWGR) ......................................................................................................10-8
Table 10-9. Convenience Receptacles Design Criteria .........................................................................................10-8
Table 10-10. Lighting Design Criteria..........................................................................................................................10-8
Table 10-11. Grounding System Design Criteria ....................................................................................................10-9
Table 10-12. Conduit Design Criteria ..........................................................................................................................10-9
Table 10-13. Conductors Design Criteria ................................................................................................................10-10
Table 10-14. Area Classifications................................................................................................................................10-10
Table 11-1. Design Criteria for Weather and Design Conditions.....................................................................11-1
Table 11-2. Rapid Mix HVAC Design Criteria – Phase 1.......................................................................................11-2
Table 11-3. Rapid Mix HVAC Design Criteria – Phase 2.......................................................................................11-2
Table 11-4. Floc/Sed HVAC Design Criteria – Phase 1 .........................................................................................11-3
Table 11-5. Floc/Sed HVAC Design Criteria – Phase 2 .........................................................................................11-3



Table 11-6. Ozone Generation HVAC Design Criteria – Phase 1 ......................................................................11-4
Table 11-7. Ozone Generation HVAC Design Criteria – Phase 2 ......................................................................11-4
Table 11-8. Filter Area HVAC Design Criteria – Phase 1 .....................................................................................11-5
Table 11-9. Filter Area HVAC Design Criteria – Phase 2 .....................................................................................11-5
Table 11-10. Chemical Building – Sodium Hypochlorite HVAC Design Criteria .......................................11-6
Table 11-11. Chemical Building- Electrical Room HVAC Design Criteria ....................................................11-6
Table 11-12. Chemical Building – All other areas HVAC Design Criteria.....................................................11-7
Table 11-13. RW Building HVAC design criteria – Phase 1................................................................................11-7
Table 11-14. Backwash Equalization Basins HVAC Design Criteria...............................................................11-8
Table 11-15. Gravity Thickeners HVAC Design Criteria – Phase 1 .................................................................11-9
Table 11-16. Gravity Thickeners HVAC Design Criteria – Phase 2 .................................................................11-9
Table 11-17. High Service Pump Station HVAC Design Criteria ......................................................................11-9
Table 11-18. Electrical Building HVAC Design Criteria.....................................................................................11-10
Table 11-19. Mechanical Dewatering HVAC Design Driteria..........................................................................11-11
Table 11-20. Recycle Pump Station HVAC Design Criteria..............................................................................11-11
Table 11-21. Maintenance Warehouse HVAC design criteria ........................................................................11-12
Table 11-22. Maintenance Building Office HVAC Design Criteria ................................................................11-12
Table 11-25. HVAC Electrical Demand Summary (100% Electric Energy Sources).............................11-13
Table 11-26. HVAC Electrical Amperage Draw Summary (100% Electric Energy Sources) ............11-14
Table 11-27. Natural Gas Heating Demand Summary.......................................................................................11-15
Table 11-28. Electrical vs. Natural Gas Preliminary Cost Opinion...............................................................11-15
Table 12-1. Uniform and Concentrated Live Loads...............................................................................................12-2
Table 12-2. Snow Load Criteria......................................................................................................................................12-3
Table 12-3. Wind Load Criteria ......................................................................................................................................12-3
Table 12-4. Seismic Load Criteria..................................................................................................................................12-4
Table 12-5. Soil Load Criteria..........................................................................................................................................12-4
Table 12-6. Deflection Criteria .......................................................................................................................................12-6
Table 13-1. Flow and Phasing Summary....................................................................................................................13-2
Table 13-2. Finished Water Storage and HSPS Elevations .................................................................................13-3
Table 15-1. 2 Planning Level Construction Cost Estimate for New 30 MGD WTP...................................15-2
Table 15-2. 4 Estimated Salary Cost.............................................................................................................................15-3
Table 15-3. Estimated Chemical Cost ..........................................................................................................................15-3
Table 15-4. Estimated O&M Cost...................................................................................................................................15-4

Appendices
Appendix A Geotechnical Report
Appendix B Conceptual Alignments
Appendix C FEMA Firm Panels
Appendix D Pre-Assessment Checklist
Appendix E One-Line Diagrams



Acronyms
° Degrees
AACE American Association of Cost Engineering
AASHTO American Association of State Highway and Transportation Officials
ac-ft Acre-foot
ACH Aluminum Chlorohydrate
ACI America Concrete Institute
ADA Americans with Disabilities Act
ADM Aluminum Design Manual
AFR Advanced Fiber Response
AISC American Institute of Steel Construction
Alt Alternative
AM Morning
ANSI American National Standards Institute
AOC Assimilable Organic Carbon
APCD Air Pollution Control Division
APE Area of Potential Effects
APEN Air Pollutant Emission Notice
AQMD Air Quality Management District
ASCE American Society of Civil Engineers
ASD Allowable Strength Design
ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineer
ASTM American Society of Testing Materials
ATP Adenosine Triphosphate
ATS Acceptance Testing Specifications
AWG American Wire Gauge
AWS American Welding Society
AWWA American Water Works Association
BCA Building Code Amendments
BDL Below Detection Limit
BDOC Biodegradable Organic Carbon
BDR Basis of Design Report
BMP Best Management Practices
BODR Basis of Design Report
BOM Biodegradable Organic Matter
BTU British Thermal Unit



BW Backwash
°C Degrees Celsius
Ca Calcium
Ca Ts Calcium Thiosulphate
CCB Chlorine Contact Basin
CCPP Calcium Carbonate Precipitation Potential
CCR Colorado Code of Regulations
CDPHE Colorado Department of Public Health and Environment
CEC Contaminants of Emerging Concern
CEOs Colorado Environment Online Services
CFD Computational Fluid Dynamics
CFE Combined Filter Effluent
CFM Cubic Feet Per Minute
CFM/FT2 Cubic Feet Per Minute Per Square Foot
CFR Code of Federal Regulations
cm Centimeter
CMU Concrete Masonry Unit
CO Colorado
CO DWR Colorado Division of Water Resources
CPW Colorado Parks and Wildlife
CRS Colorado Revised Statues
CT Contact Time
CWA Clean Water Act
CWG Community Working Group
DB Dry Bulb
dBA A Weighted Decibel
DBA Diameter at Breast Height
DBP Disinfection By-Product
Deg Degrees
DO Dissolved Oxygen
DOC Dissolved Organic Carbon
DOAS Dedicated Outside Air System
DWR Division of Water Resources
DX Direct Expansion
EBCT Empty Bed Contact Time
EPA Environmental Protection Agency
EPDM Ethylene Propylene Diene Monomer



EPS Extra-Polymeric Substance
EQ Equalization
ESA Environmental Site Assessments
EURV Excess Urban Runoff Volume
F Filtered Water
°F Degrees Fahrenheit
FBD Fine Bubble Diffusion
FEMA Federal Emergency Management Agency
FHL Farmers Highline
FM Factory Mutual
fps Feet Per Second
FRP Fiberglass Reinforced Plastic
ft. Feet
ft2 Square Feet
ft/min Feet Per Minute
ft/s Feet Per Second
FTW Filter-to-Water
FWSI Finished Water Storage Inlet
FWSO Finished Water Storage Outlet
G Gradient
GAC Granular Activated Carbon
gal Gallon
gal/sf/day Gallons Per Square Foot Per Day
GFCI Ground Fault Circuit Interrupter
GLO General Land Office
gpd Gallons Per Day
gpm/sf Gallons Per Minute Per Square Foot
gpm/sft Gallons Per Minute Per Square Foot
GRS Galvanized Rigid Steel
GWUDI Ground Water Under Direct Influence
HAA Haloacetic Acid
HAA5 Haloacetic Acids
HAL Health Advisory Level
HDT Hydraulic Detention Time
HMI Human Machine Interface
HP Horsepower



HSPS High Service Pump Station
hr Hour
hrs Hours
HVAC Heating, Ventilation, and Air Conditioning
Hz Hertz
IAPMO International Association of Plumbing and Mechanical Officials
IBC International Building Code
ICC International Code Council
IDP Inadvertent Discovery Plan
IEEE Institute of Electrical and Electronics Engineers
IESNA Illuminating Engineering Society of North America
IEUA Inland Empire Utilities Agency
IFE Individual Filter Effluent
in Inches
in W.C. Inches of Water Column
IPS inclined plate settlers
ISA Instrument Society of America
ISEA International Safety Equipment Association
ITE Institute of Transportation Engineers
Kd Directionality Factor
KNS KNS Communications
KW Kilowatt
Kw-hr/lb Kilowatt Hours Per Pound
LAN Local Area Network
LAS Liquid Ammonium Sulfate
lb. Pounds
lb/dry ton Pounds Per Dry Ton
lb/ft2 Pounds Per Square Foot
lb/ft3 Pounds Per Cubic Foot
lb/hr Pounds Per Hour
lb/sf/day Pounds Per Square Foot Per Day
lb/sf/yr Pounds Per Square Foot Per Day
LCR Lead and Copper Rule
LED Light Emitting Diode
Leg Equivalent Continuous Sound Pressure Level
LIN Liquid Nitrogen
LOR Local/Off/Remote



LOS Level of Service
LOX Liquid Oxygen
LRAA Locational Running Annual Average
LRFD Load Factor and Resistance Design
LSI Langelier Saturation Index
LSLR Lead Service Line Replacement
LTI Linear Time Invariant
mA Milliampere
MBP Metabolic By-Product
MBTA Migratory Bird Treaty Act
MCC Motor Control Center
MCL Maximum Contaminant Level
MG Million Gallons
mg Milligram
mg/L Milligrams per liter
MGD Million gallons per day
MHFD Mile High Flood District
MIB Methyl-Isoborneol
Min Minimum
min minute
misc. Miscellaneous
mJ/cm Millijoules Per Centimeter
mm Millimeter
MOCP Master Ozone Control Panel
mph Mile Per Hour
MRI Meurer Research Inc.
MTE Mass Transfer Efficiency
MUTCD Manual on Uniform Traffic Control Devices
Na Sodium
NDMA N-nitrosodymethylamine
NEC National Electrical Code
NEMA National Electrical Manufacturers Association
NETA International Electrical Testing Association
NFPA National Fire Protection Associations
ng Nanogram
NHPA National Historic Preservation Act



No. Number
NOI Notice of Intent
NPDWR National Primary Drinking Water Regulations
NRCS National Resources Conservation Services
NRHC National Register of Historic Places
NSF National Science Foundation
NTM Nontuberculosis Mycobacteria
NTU Nephelometric Turbidity Unit
NWTF Northwest Water Treatment Facility
OAHP Office of Archaeology and Historic Preservation
OCCT Optimal Corrosion Control Treatment
OH Overhead
OH&P Overhead and Profit
OIT Operator Interface Terminals
O&M Operation and Maintenance
OPCC Opinion of Probable Construction Cost
ORP Oxidation-Reduction Potential
OSHA Occupational Safety and Health Administration
P&ID Piping and Instrumentation Diagram
PCB Polychlorinated Biphenyl
pcf Pound-force Per Cubic Foot
pH pH
Ph Phase
PID Proportional-Integral-Derivative Controller
Plan Noxious Weed and Invasive Species Vegetation Control Management Plan
PLC Programmable Logic Controllers
PM Evening
PMCL Potential Maximum Contaminant Limit
PPCP Pharmaceuticals and Personal Care Products
ppd Pounds Per Day
ppm Parts Per Million
PO Post Ozone
PQM Power Quality Meters
Project Westminster Water2025 Preliminary Design Project
PS Pumped Sludge
psf Pounds Per Square Foot
Psi Pounds Per Square Inch



psig Pounds Per Square Inch Gage
PSU Power Supply Unit
PSW Partnership for Safe Water
PRV Pressure Reducing Valves
PVC Polyvinyl Chloride
REC Recognized Environmental Conditions
RED Reduction Equivalent Dose
RM1 Rapid Mix Stage 1
RM2 Rapid Mix Stage 2
RM3 Rapid Mix Stage 3
ROI Return on Investment
rpm Revolutions Per Minute
S Settled Water
S1 Ozone Contacting Basin S1
S6 Ozone Contacting Basin S6
S7 Ozone Additional Sample Tap
SBS Sodium Bisulfite
SCADA Supervisory Control and Data Acquisition
scfm Standard Cubic Feet Per Minute
sec Seconds
SF Safety Factor
sft Square Foot
SOC Synthetic Organic Compounds
SSI Sidestream Injection
ST Straight Tip
SUEZ Suez Water Technologies & Solutions
SUVA Specific Ultraviolet Light Absorbance
SWMP Stormwater Management Plan
SWTR Surface Water Treatment Rule
TBD To Be Determined
TD Transferred Dose
TDH Total Dynamic Head
TDS Total Dissolved Solids
TENORM Technologically Enhanced Naturally Occurring Radioactive Material
Therms
THHN Thermoplastic High Heat-resistant Nylon-coated



THM Trihalomethane
THMFP Trihalomethane Formation Potential
THWN Thermoplastic Heat and Water-resistant Nylon-coated
TIS Transportation Impact Study
TMS The Masonry Society
TOC Total Organic Carbon
TON Total Organic Nitrogen
TM Technical Memorandum
TPO Thermoplastic Polyolefin
TSS Total Suspended Solids
TTHM Trihalomethanes
UDFCD Urban Drainage and Flood Control District
UFRV Uniform Filter Run Volume
ug/L Micrograms per Liter
UL Underwriters Laboratory
UPS Uninterruptible Power Supplies
USEPA United States Environmental Protection Agency
USEPA LCR United States Environmental Protection Agency Lead and Copper Rule
USFWS United States Fish and Wildlife Service
USGS United States Geological Survey
UV Ultraviolet
V Volt
VA Virginia
VFD Variable Frequency Drives
VOC Volatile Organic Compounds
WB Wet Bulb
WCC Weir Control Chamber
WOF Water on Floor
WOUS Waters of the United States
WPF Water Purification Facility
WQCD Water Quality Control Division
WQCV Water Quality Capture Volume
WQP Water Quality Parameters
WSE Water Surface Elevation
wt Weight
WTP Water Treatment Plant
XHHW Cross-linked High Heat Water-resistant Insulated Wire



XLPE Cross-linked polyethylene
yr Year



Section 1
Executive Summary

1.1 Background and Introduction
The City of Westminster (City) is implementing the Water2025 program which involves the 
planned, phased replacement of the aging 44 million gallons per day (MGD) Semper water 
treatment plant (WTP) with a new 30 MGD Water Treatment Plant (expandable to 60 MGD) 
capable of producing high quality drinking water now and into the future for the City’s service 
area. While Semper has consistently produced high quality finished water over the past 50 years, 
increasing operation and maintenance requirements and costs are forecast to continue to 
escalate due to its aging infrastructure. This has led to the City’s decision to replace this facility, as 
detailed in the Water Treatment Facilities Master Plan, completed in 2016. To mitigate the aging 
equipment and facilities at Semper, the new WTP is required to be on-line by end of year 2025. 
All City water treatment facilities (Semper, Northwest), including the new WTP, will continue to 
use Standley Lake supply canals and pipelines as the mechanism to provide source water. The 
new WTP will strive to provide greater resiliency to increasing threat of wildfires and floods, 
flexibility to be able to adapt to evolving regulatory standards, and opportunities for 
sustainability and environmental resource stewardship.

The purpose of this basis of design report is to establish the overall design plan by discipline and 
identify key design criteria and parameters that will be used to guide the detailed design.

1.2 Treatment Process Evaluation Summary
Three separate water quality conditions are identified for design to create a resilient WTP: 
normal, challenging, and catastrophic. These are defined in Table 1-1.

Table 1-1. Benchmark Water Quality Conditions

Water Quality Condition Description 

Normal
Typical water quality conditions seen in Standley Lake or the bypass canals 
(Farmer’s Highline and Croke Canals) for most of the year but excluding “first flush” 
events when the canals are initially brought into service.

Challenging
Seasonally degraded water quality in Standley Lake or first-flush events in the 
bypass canals (e.g., algal blooms creating taste and odor episodes or elevated levels 
of turbidity, high organics and soluble manganese).   

Catastrophic
Infrequent extreme weather events seen on less than a two-year basis or sometime 
in the future (e.g., fire in the watershed, flooding, extended drought conditions, 
zebra mussel infestation).

The primary water quality parameters used to characterize the Standley Lake source water are 
turbidity, natural organic matter, iron, manganese, pH, alkalinity, and water temperature. 
Finished water quality and treatment performance goals were developed for six categories 
including: microbiological, disinfection and disinfection by-products, inorganics and 
radionuclides, secondary drinking water regulations and corrosivity, non-regulatory treatment 
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goals, and future regulations and emerging contaminants of concern. Level 1 goals were 
developed for normal and challenging source water quality conditions, and Level 2 goals were 
developed for catastrophic or extreme watershed events. Both Level 1 and Level 2 goals meet 
current federal and state drinking water regulations and some specific water quality goals are 
more stringent than regulations. Level 1 and Level 2 goals were developed for conventional 
treatment and advanced treatment in TM No.1. It has been decided that the Water2025 WTP will 
incorporate advanced treatment.

After review of various alternatives, the Advanced Process Train with ozone-biofiltration and 
anthracite filter media is recommended for best value implementation under the Water2025 
Project. It offers the following compelling benefits at a moderate increase in capital cost 
compared to other options:

 Balancing cost and superior water quality performance.

 Increased resiliency to climate change.

 Improved constructability and process flow.

1.3 Water Treatment Processes
The overall approach for process train and equipment selection involved several pre-design 
investigations and collaborative workshops, documented in a series of technical memoranda and 
study reports (Desktop Report, Pilot Plant Report). Ultimately, the following treatment processes 
are recommended.

 Raw Water Flow & Pressure Control. This system controls raw water flow and pressure 
upstream of the water treatment processes. One sleeve PRV and one backup parallel 
plunger PRV are recommended. Raw water conveyance will be coordinated with the 
existing Semper infrastructure.

 Rapid Mix. Three stages of sequential rapid mix are recommended: pre-oxidation with 
sodium permanganate, coagulation with ferric chloride, and pH/alkalinity adjustments 
using hydrated lime. This is the first step in a conventional treatment process.

 Flocculation. This step uses gentle mixing to create floc particles that will settle by gravity 
during sedimentation. There will be two basins in parallel for each stage, with each basin 
rated for 16 MGD. Each stage has baffling and a vertical turbine mixer.

 Sedimentation. This step separates and removes floc particles from water. There will be 
two basins in parallel for each stage, with each basin rated for 16 MGD. Each basin has 
inclined plate settlers and solids collectors.

 Ozone. Intermediate ozone provides primary disinfection, oxidation, and enhancements for 
downstream biological filtration. The system includes ozone generation with liquid oxygen 
(LOX) and a post-clarification contacting basin. The following are major equipment 
components:
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 Oxygen feed gas system. This includes one horizontal LOX tank and three vaporizers, 
along with a fill station for truck deliveries. 

 Ozone generation system. Both traditional ozone generators and modular ozone 
generators are being considered as part of final design.

 Ozone dissolution system. This involves sidestream injection with a booster pump 
and nozzle manifold near the bottom of a dissolution channel.

 Ozone offgas destruct system. Ozone offgas destruct units will be located in the 
Ozone Generation Room.

 Filtration. Biologically active filters remove particles and turbidity from the clarified water 
through biodegradation, adsorption, and filtration. The new WTP will use ozone-enhanced 
biological dual-media filtration with anthracite over sand filter material.

 Multi-Barrier Disinfection. This step will use an integrated chlorine disinfection process 
in a finished water storage tank to meet primary disinfection requirements should the 
primary disinfectant (ozone) be unable to achieve the requirements at any time.

1.4 Other Design Considerations
In addition to water treatment processes, the following design considerations are discussed in 
this report:

 Biostability. The treated water should inhibit biological activity in the distribution system. 
Pilot testing showed that ozone-biofiltration is effective, although long-term sampling is 
recommended.

 Corrosion Control. The proposed corrosion control strategy to meet the Lead and Copper 
Rule (LCR) will be similar to those currently used at Semper WTP as the source water 
supply is unchanged. Corrosion inhibitors may be needed in the future.

 Monitoring and Sampling. Data collection is required for regulatory compliance, 
operational or performance monitoring, and health and safety monitoring. A compliance 
and monitoring plan was developed to meet these objectives.

 Chemical Systems. Chemical storage and feed systems were designed for primary, 
alternative, and future chemicals. This includes the chemical building layout and lime silo.

 Residual Handling. Waste liquids and solids are processed without any discharge to 
sewer. The system components include gravity thickening prior to mechanical dewatering, 
backwash equalization, a recycle pump station, and three dewatering basins used for solids 
separation from process upsets, basin and process drains, and for emergency flows.
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 Process Instrumentation and Controls. The SCADA system will not only serve the 

Water2025 WTP, but also other upstream and downstream infrastructure, while providing 
reliability, flexibility, resiliency, and cybersecurity. An operations plan is outlined.

 Civil/Site Facilities. Ten key design elements were established for layout of the 41-acre 
site. Considerations include yard piping, drainage, traffic, sustainability, noise, and security. 
Sustainability is a key focus through the ENVISION process.

 Architecture. The programming, layout, and design of the six buildings is established. 
Sustainability, permanence, technology, long-term value, safety, accessibility, and history 
are all considered. 

 Electrical Service. A new electrical distribution will be installed, served by an Xcel line 
extension and a backup generator.

 HVAC/Plumbing/Fire Prevention. Key building mechanical design parameters are 
established for the process building, chemical building, and other ancillary facilities.

 Structural. Design criteria for the loads, foundations, and materials are established.

 Finished Water Storage, High Service Pump Station, and Discharge Main. A 3-million 
gallon (MG) round partially buried concrete tank will be constructed. Pumps are designed 
to ensure no flow gaps between 3.5 MGD and 30 MGD.

 Permitting. Various permitting activities have already been conducted related to 
environmental assessment, cultural resources, vegetation and wildlife, and water 
resources. Future permitting tasks are described. Proactive permitting at the Federal, State, 
and local levels is key to project success.

1.5 Opinion of Probable Construction Costs
A planning-level opinion of probable construction cost (OPCC) was prepared by CDM Smith 
Constructors for Phase I of the project. This includes all treatment, pumping, and storage 
facilities, along with the operations, maintenance, and electrical buildings. The total estimated 
cost inflated to the mid-point of construction (December, 2024) is $148.3 million. A more detailed 
OPCC will be prepared during the 30% and 60% design phases.

An annual operations and maintenance (O&M) cost estimate was also prepared. This includes 
labor, power, chemical, sludge or dewatered cake disposal, parts, and miscellaneous items. The 
total estimated cost (in 2019 dollars) is expected to be $5,103,000, which is $0.92 per 1,000 
gallons.
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Section 2
Background and Introduction

2.1 Project Overview
The City of Westminster (City) is implementing the Water2025 program which involves the 
planned, phased replacement of the aging 44 million gallons per day (MGD) Semper Water 
Treatment Plant (WTP) with a new 30 MGD WTP (expandable to 60 MGD) capable of producing 
high quality drinking water now and into the future for the City’s service area. While Semper has 
consistently produced high quality finished water over the past 50 years, increasing operation 
and maintenance requirements and costs are forecast to continue to escalate due to its aging 
infrastructure. This has led to the City’s decision to replace this facility, as detailed in the Water 
Treatment Facilities Master Plan, completed in 2016. To mitigate the aging equipment and 
facilities at Semper, the Water2025 WTP is required to be on-line by end of year 2025. All City 
water treatment facilities, including the Water2025 WTP, will continue to use Standley Lake 
supply canals and pipelines as the mechanism to provide source water. The Water2025 WTP will 
strive to provide greater resiliency, flexibility to be able to adapt to evolving regulatory standards, 
security to address future water supply shortages, and opportunities for sustainability and 
environmental resource stewardship.

The City selected a 40-acre site for the Water2025 WTP in July 2019. The City completed 
acquisition of the site in the spring of 2020. The site is located in Township 2 South, Range 69 
West, Sections 13, 14, 15, 22, 23, and 24 in Westminster, Jefferson County, Colorado, on private 
and public land. The site is located north of 98th Avenue and east of Westminster Boulevard in 
southeast Westminster. The site is undeveloped land located outside the FEMA 100-year 
regulatory floodplain.

The Water2025 Process Selection and Pilot Plant Project will help the City to: (1) select the most 
suitable process train for the Water2025 WTP to meet current and future drinking water 
regulations, (2) develop conceptual facility layouts for the Water2025 WTP to be constructed on a 
greenfield site recently selected by the City, (3) develop construction and operating cost 
estimates for the Water2025 WTP and associated raw and finished water pipelines, and (4) 
achieve environmental sustainability goals. Thus far, the project has included bench-scale testing, 
pilot testing, and conceptual design development consisting of numerous collaborative 
workshops and technical memoranda.

2.2 Existing Supply, Treatment, and Transmission System
The City has two existing water treatment facilities that produce drinking water that continually 
meets or exceeds all state and federal drinking water quality standards. The Northwest Water 
Treatment Facility is capable of treating up to 15 million gallons per day using state-of-the-art 
membrane microfiltration. The Semper Water Treatment Facility is capable of treating 44 million 
gallons per day using conventional filtration technology.
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Section 3
Water Quality Goals and Treatment Process 
Selection

3.1 Water Quality
Previous project efforts evaluated historical source water quality trends for the Water2025 WTP 
raw water source Standley Lake, the Standley Lake supply/ potential bypass canals (Farmers 
Highline, and Croke), and potential future extreme weather events on the watershed. Finished 
water quality goals for the Water2025 WTP were established based on a regulatory review of 
current and anticipated drinking water regulations, source water quality, and best water 
treatment practices in the municipal drinking water industry.  Technical Memorandum No.1 
Regulations, Source Water Quality and Finished Water Quality Goals includes a comprehensive 
discussion of regulations, historical water quality and water quality goal development.

3.1.1 Raw Water Quality
Standley Lake is the primary raw water supply for the Semper Water Treatment Plant (Semper) 
and Northwest Water Treatment Facility (NWTF) and will eventually be the main source of 
supply for the City’s Water2025 WTP.  The Standley Lake Bypass pipeline, which diverts flows 
from the Farmers Highline (FHL) Canal in the spring and summer and Croke Canal in the fall and 
winter, can be used as an emergency supply for these plants if Standley Lake is negatively 
impacted by an unusual water quality event or if the raw water intake and conveyance 
infrastructure is offline for maintenance.  The City of Westminster has an extensive water quality 
monitoring program for Standley Lake and the canal bypass supplies.  Historical water quality 
data for these sources, together with special studies on the water quality impacts of wildfires in 
the watershed, were used to define “benchmark” water quality conditions (normal, challenging, 
and catastrophic) that were considered in designing pilot plant test runs and ultimately for 
process train selection for the Water2025 WTP. Normal, challenging, and catastrophic conditions 
are defined in Table 3-1.

Table 3-1. Benchmark Water Quality Conditions 

Water Quality Condition Description 

Normal
Typical water quality conditions seen in Standley Lake or the bypass canals 
(Farmer’s Highline and Croke Canals) for most of the year but excluding “first flush” 
events when the canals are initially brought into service.

Challenging
Seasonally degraded water quality in Standley Lake or first-flush events in the 
bypass canals (e.g., algal blooms creating taste and odor episodes or elevated levels 
of turbidity, high organics and soluble manganese).   

Catastrophic
Infrequent extreme weather events seen on less than a two-year basis or sometime 
in the future (e.g., fire in the watershed, flooding, extended drought conditions, 
zebra mussel infestation).

The primary water quality parameters used to characterize the Standley Lake source water were 
turbidity, natural organic matter (TOC, DOC, UV254), iron, manganese, pH, alkalinity, and water 
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temperature. Table 3-2 summarizes quantitative and qualitative water quality parameters for 
benchmarking normal, challenging and catastrophic raw water supply conditions, based on 
different water quality scenarios including the representative (normal) historical conditions, 
flood events, drought and post-drought, “first flush” events in the canals, and an analysis of post-
wildfire water quality impacts.

Table 3-2. Benchmarked Raw Source Water Quality for Normal, Challenging, and Catastrophic Conditions

Normal Challenging Catastrophic
Min or Max Values for 

Standley Lake (2017-2018; 
Sep 2013 Flood)

Min or Max Values for 
Standley Lake (2017-

2018; Sep 2013 Flood)Source of Information
5th and 95th Percentile 

Values for Standley Lake 
(2017-2018) FHL Canal First-Flush Event 

(Day 2) Post-Wildfire Rain Event

Turbidity, NTU 1 to 6.4 <60 <300
TOC, mg/L 1.4 to 2.6 <3.3 <12
UV254, 1/cm 0.03 to 0.04 0.06 <0.54
SUVA (L/mg-m) 1.5 to 2.1 <1.8 <4.5
Alkalinity, mg/L 50 to 60 <48 <48
pH 7.2 to 8.2 <7.1 <7.1
Manganese, mg/L 0.01 to 1.2 <1.6 <1.6
Temperature, deg F 40 to 70 40 to 70 >70
Hydrogen Sulfide None High Very High
Cyanotoxins Below Detection Exceeds HALs Exceeds HALs
Taste and Odors < 3 TON No objectionable 

T&O year-round 
>10 ng/L Geosmin/MIB >100 ng/L Geosmin/MIB

Cryptosporidium Bin 
Classification per 
LT2ESWTR

Bin 1 Bin 1 Possibly Bin 2 or Higher

3.1.2 Water Quality Treatment Goals
The treatment process train for the Water2025 WTP will be designed to meet the City’s finished 
water quality goals for treatment of normal, challenging, and catastrophic raw water quality 
conditions in Standley Lake. Finished water quality goals based on current and future drinking 
water regulations are presented in Tables 3-3 through 3-7.  Non-regulatory treatment 
performance goals based on industry best practices are presented in Table 3-8.  Two sets of 
water quality and treatment performance goals were established for the Water2025 WTP, 
depending on source water quality conditions:

 Level 1 goals for treating normal and challenging source water quality conditions;

 Level 2 goals for treating catastrophic source water quality conditions in the Standley 
Lake watershed (e.g., wildfire, major flood).

Both Level 1 and Level 2 goals meet current federal and state drinking water regulations; specific 
water quality goals are more stringent than regulations for normal water quality conditions 
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based on industry best practices such as AWWA’s Partnership for Safe Water Program and past 
treatment performance of the Semper WTP.

Table 3-3. Microbiological Water Quality Goals

Parameter

 Level 1 Goal 
Normal Water Quality

Level 2 Goal 1 
Catastrophic Watershed Event 

Giardia 99.99% removal/inactivation (4-log) 99.9% removal/inactivation (3-log)
# of B3-3 through 3-arriers 3 2
Cryptosporidium  99.9% removal/inactivation (3-log) 99% removal/inactivation (2-log)
# of Barriers 1 1
Viruses 99.9999% removal/inactivation (6-log) 99.99% removal/inactivation (4-log)
# of Barriers 3 2
Turbidity - Combined Filter Effluent <0.1 NTU 95% of Time <0.5 NTU Max; <0.3 NTU 95% of Time
Turbidity - Individual Filter Effluent  <0.1 NTU 95% of Time <0.5 NTU Max; <0.3 NTU 95% of Time
Filter Backwash Rule  Recycle to head of plant No Recycle (optional)

1 Level 2 turbidity goals for extreme watershed events are based on regulatory limits. 

Table 3-4. Disinfection and Disinfection By-Product Water Quality Goals

Parameter Level 1 Goal
Normal Water Quality

Level 2 Goal
Catastrophic Watershed Event

Trihalomethanes (TTHMs) 1  <60 ug/L <80 ug/L
Haloacetic Acids (HAA5)1 <40 ug/L <60 ug/L
Bromate <8 ug/L <8 ug/L
Chlorite <0.8 mg/L <0.8 mg/L
Chloramine 1 to 1.5 mg/L <= 4 mg/L
Total Organic Carbon (TOC)
(Alkalinity = 0 -60 mg/L) < 2.0 mg/L Meet TOC Percent Removal Limits under SWTR

1 Based on Locational Running Annual Average (LRAA) at sample points in distribution system.

Table 3-5. Water Quality Goals for Inorganics and Radionuclides

Parameter Level 1 Goal 
Normal Water Quality

Level 2 Goal
Catastrophic Watershed Event

All regulated inorganic contaminants <70% of MCLs meet MCLs
Fluoride <0.7 mg/L 0.7
Iron 0.01 mg/L 0.01 mg/L
Lead  <35% of LCR Action Level <35% of LCR Action Level
Copper <0.03 mg/L 0.03 mg/L
All regulated radionuclide contaminants meet MCLs meet MCLs
TENORM Meet CDPHE Regulatory Limits Meet CDPHE Regulatory Limits

MCL = Maximum Contaminant Level
LCR = Lead and Copper Rule
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Table 3-6. Water Quality Goals for Secondary Drinking Water Regulations and Corrosivity

Parameter Normal or Standley Lake Bypass 
Operations

Catastrophic Watershed
Event (3)

Manganese 0.01 mg/L 0.01 mg/L 

Taste and Odor  Geosmin and MIB <10 ng/L; no 
objectionable taste and odor No objectionable taste and odor 

Color < 5 color units < 5 color units 
Alkalinity > 40 mg/L; stable water in DS > 40 mg/L; stable water in DS 
pH 8.0 to 9.0 6.5 to 9.0 

Langeliers Saturation Index (LSI) -0.1 to 0.1 (pH/alkalinity adjustment) -0.1 to 0.1 (pH/alkalinity 
adjustment) 

Table 3-7. Water Quality Goals for Future Regulations and CECs

Parameter Level 1 Goal
Normal Water Quality

Level 2 Goal 
Catastrophic Watershed Event

CECs and PPCPs Meet 80% of future MCLs Meet 80% of future MCLs 
N-nitrosodymethylamine (NDMA) <10 ng/L <10 ng/L 

Algal Toxins Microcystin < 0.3 ug/L (HAL); 
Cylindrospermopsin < 0.7 mg/L (HAL) 

Microcystin < 0.3 ug/L (HAL); 
Cylindrospermopsin < 0.7 mg/L (HAL) 

Perchlorate <2ug/L (PMCL) <2ug/L (PMCL) 
Chlorate < 0.21 mg/L (PMCL) < 0.21 mg/L (PMCL) 
Strontium To Be Determined To Be Determined 
PFOA/PFAS To Be Determined To Be Determined 
Hexavalent Chromium To Be Determined To Be Determined 

PMCL = Potential Maximum Contaminant Limit
BDL = Below Detection Limit
HAL = Health Advisory Level
CEC= Contaminants of Emerging Concern
PPCP = Pharmaceuticals and Personal Care Products
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Table 3-8. Non-Regulatory Treatment Goals

Parameter Level 1 Goal 
Normal Water Quality

Settled Water Turbidity <1.0 NTU 95% of time (PSW) <2.0 NTU 

Filtered Water Turbidity1 IFE <0.04 NTU; ripening spike <0.1 
NTU, 95% of time See Table 3-3

Uniform Filter Run Volume (UFRV) 8,000 UFRV and 40 hours 8,000 UFRV and 40 hours 
Filter-to-Waste Capable Capable 

GAC Filter Empty Bed Contact Time (EBCT) 5 min at design flow; 10 min at 
average plant flow 

5 min at design flow; 10 min at 
average plant flow 

Ozone Mass Transfer Efficiency (MTE) >95% >95% 
Chlorine Dioxide Generation Efficiency >95% >95% 
UV Reduction Equivalent Dose (RED) for      
3-log Crypto Inactivation >12  mJ/cm2  > 12 mJ/cm2  

1 This is a filtered water turbidity “stretch” goal for normal water quality conditions based on using laser turbidimeters which 
have lower detection limits than conventional turbidimeters.

3.2 Process Train Selection
The overall approach for process train selection involved several pre-design investigations 
(bench-scale treatability study, desktop assessment study, and nine-month pilot plant study) and 
a series of collaborative workshops with the City over the past two years, documented in a series 
of technical memoranda and study reports (Desktop Report, Pilot Plant Report).

3.2.1 Description of Alternatives
Following completion of the collaborative workshop series culminating in the Process Train 
Selection Workshop held with the City on December 15, 2020, Technical Memorandum No. 5B – 
Process Train Selection for Water2025 Water was issued in March, 2021. Two alternative process 
trains were evaluated in TM No. 5b, including:

Alternative A – Conventional Process Train, including conventional pretreatment processes 
(rapid mixing, flocculation, and high-rate sedimentation), filtration, chlorine for primary 
disinfection and chloramines for secondary disinfection.

Alternative B – Advanced Process Train, including conventional pretreatment processes, 
intermediate ozonation for primary disinfection, biological filtration and chloramines for 
secondary disinfection. Two sub alternatives consider anthracite and sand filter media 
(Alternative B-1) and granular activated carbon (GAC) and sand filter media (Alternative B-2).

The evaluation of treatment process train alternatives included the following criteria and their 
respective scoring weight (%): Physical considerations (10%), Technology (30%), Environmental 
Sustainability (15%), Economics (15%), and Water Quality/Regulatory Compliance (30%).

Total scores for each alternative were calculated and the process trains were ranked.



Section 3    Treatment Process Evaluation Summary
City of Westminster Basis of Design Report

Water 2025
June 21, 2021

Page 3-6

3.2.2 Recommended Process Train
The scoring results indicate that Alt B-1 scored highest for three out of the five evaluation criteria, 
including water quality, regulatory compliance, and environmental sustainability. While Alt A has 
the lowest capital and operating cost, the inclusion of ozone in the plant process train resulted in 
less than a 10% project cost addition and the annual operating cost for the ozone system was 
estimated at $24,000 due to the low required applied ozone dose.

In summary, Alternative B-1-Advanced Process Train with ozone-biofiltration and anthracite 
filter media is recommended for best value implementation under the Water2025 Project. It 
offers the following compelling benefits at a moderate increase in capital cost:

 Balancing cost and superior water quality performance.

 Increased resiliency to climate change.

 Improved constructability and process flow.

Design criteria for the selected water treatment processes and associated chemical and residual 
systems in Alternative B-1 are discussed in Section 4, 5 and 6 of the BODR.

3.2.3 Multi-Barrier Disinfection Strategy
The microbiological water quality goals for Giardia, Cryptosporidium and virus target pathogens 
were established for the new WPF based on a multi-barrier disinfection strategy, as discussed in 
TM No. 1.  Table 3-9 presents the number and type of treatment barriers (ozone, biofiltration 
chlorination) to meet these goals for the advanced ozone-biofiltration process train.

Table 3-9. Treatment Barriers for Multi-Barrier Disinfection Strategy

Parameter
Level 1 Goal Treatment Barriers

(Log Credits)

Giardia
99.99% removal/
inactivation (4 log)

# of Barriers 3

Ozone (1.0)
Biofiltration (2.5)
Chlorination (0.5)

Cryptosporidium 
99.9% removal/
Inactivation (3 log)

# of Barriers 1
Biofiltration (3.0)

Viruses
99.9999% removal/
inactivation (6 log)

# of Barriers 3

Ozone (2.0)
Biofiltration (2.0)
Chlorination (2.0)

Table 3-10 presents the Giardia and  virus CT requirements (residual concentration C in mg/L  
multiplied by contact time T in minutes) for warm and cold water design conditions for the ozone 
and chlorination disinfection processes.
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Table 3-10. CT Requirements for Ozone and Chlorine Disinfectants

Ozone Chlorine
Pathogen

Water 
Temperature  

(deg C)
Log 

Inactivation
CT value 

(mg/L.min)
Log 

Inactivation pH Cl2 
Residual

CT value 
(mg/L.min)

20 1.0 0.24 0.5 8.5 1.4 17
Giardia

5 1.0 0.63 0.5 8.5 1.4 46
20 2.0 0.6 2.0 6 -9 1.4 4

Virus
5 2.0 0.25 2.0 6-9 1.4 1

3.2.3.1 Basic Design Requirements
The basic design requirements to receive regulatory disinfection credits for the ozone, 
biofiltration and chlorine treatment processes, plus UV disinfection as a potential future 
disinfection process, are discussed below.

 Ozone Disinfection.  The intermediate ozone process will be designed to meet CT 
requirements for 1 log Giardia and 2 log virus inactivation, based on the CT targets in Table 
3-10.  To meet these requirements, the ozone system will be designed for an ozone dose of 
1.5 mg/L, overall contactor hydraulic detention time (HDT) of 9.4 minutes at design flow. 
as discussed in Section 4.5.1.1.  A serpentine baffled contactor arrangement will be used to 
improve plug-flow hydraulic conditions through the contactor to achieve a baffle factor of 
0.6 and disinfection contact time (T10-value) of approximately 7 minutes.  The ozone 
process will be used year-round as a primary disinfection process to meet the disinfection 
goals of the multi-barrier disinfection strategy. The ozone contactor and ozone generation 
equipment will be located within the footprint of the advanced treatment module between 
the pretreatment basins and filters.

 Biofiltration. The biofiltration process will be designed and operated to achieve filtered 
water turbidities less than 0.1 NTU for individual filter effluent (IFE) and combined filter 
effluent (CFE) 95% of the time—consistent with voluntary Partnership for Safe Water 
treatment goals and historical filtered water turbidity trends at the Semper WTP.  These 
turbidity targets will provide 3 log Cryptosporidium, 2.5 log Giardia and 2.0 log virus 
removal credits.  The biofiltration process includes six filters with a central pipe gallery 
located within the footprint of the advanced treatment module, downstream of the 
intermediate ozone contactor, as discussed in Section 4.6.

 Chlorine Disinfection.  The post-filter chlorine process will be designed to meet the CT 
requirements in Table 3-10. To meet these requirements, the chlorine system will be 
designed for chlorine dose of 1.4 mg/L, and contact time (T10 value) of 46 minutes.  The 
hydraulic detention time (HDT) depends on the type of contact basin and assigned baffle 
factor for the basin, as discussed in Section 4.7.  The chlorine process will be used year-
round as a primary disinfection process for the multi-barrier disinfection strategy.
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 UV Disinfection (Future).  In the event the new WFP receives a “Bin 2” classification by 
CDPHE based on source water Cryptosporidium occurrence levels in Standley Lake, a 
second treatment barrier will be required.  To meet this potential future requirement, the 
filtration building will be designed with space and additional electrical conduits to allow for 
the future retrofit of a UV disinfection system in the filter gallery.

3.2.4 Process Flow Diagram
Figure 3-1 depicts Alternative B-1 in a process flow diagram incorporating liquid and solid 
streams. This figure is referenced numerous times in the subsequent sections of the BDR. Design 
flow rates are presented in Table 3-11.

Table 3-11. Water2025 WTP Design Flows
Initial WTP Phase 1 Expanded WTP Phase 2

Description
Minimum Average Maximum Minimum Average Maximum

Plant Finished Water Flow, MGD 3 10 30 3 20 60

Treatment Module Process Design 
Flow, MGD 3.2 10.7 32.0 3.2 21.3 64

Rapid Mix Basins (Stages 1, 2 and 3)

Number of Trains in Service 1 2 2 1 2 4

Design Flow per Train, MGD 3.2 5.3 16.0 3.2 10.7 16.0

Flocculation Basins

Number of Trains in Service 1 2 2 1 2 4

Design Flow per Train, MGD 3.2 5.3 16.0 3.2 10.7 16.0

Sedimentation Basins

Number of Trains in Service 1 2 2 1 2 4

Design Flow per Train, MGD 3.2 5.3 16.0 3.2 10.7 16.0

Intermediate Ozone Contactors (Alternative B only)

Number of Trains in Service 1 2 2 1 2 4

Design Flow per Train, MGD 3.2 5.3 16.0 3.2 10.7 16.0
Biological Filters

Number of Filters in Service 2 3 4 / 5 2 6 8 / 10

Design Flow per Train, MGD 1.6 3.6 8.0 / 6.4 1.6 3.6 8.0 / 6.4

Filter Loading Rate (gpm/sf) 2.0 4.4 9.9 / 7.9 2.0 4.4 9.9 / 7.9

3.2.5 Hydraulic Profile
The hydraulic profile evaluation used a model-based approach to determine the resultant 
upstream water surface elevation (WSE) by calculating head loss through the WTP process 
structures, pipes, and fittings along the worst-case hydraulic flow path. For this model, the worst-
case hydraulic flow path is the longest path between the two phases – the initial WTP Phase 1 and 
the expanded WTP Phase 2 facilities. The model was developed using the flow rates and number 
of trains in service summarized in Table 3-9 for the maximum expanded WTP Phase 2 condition. 
The hydraulic profile is presented in Figure 3-2.
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Figure 3-2. Hydraulic Profile
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Section 4
Water Treatment Processes

There will be one process treatment module constructed during Phase 1 that will be sized for a 
design flow of 32 MGD. A second process treatment module with the same capacity will be 
constructed during Phase 2. Each process treatment module will contain rapid mix, flocculation, 
sedimentation, ozonation, and filtration. The layout of the process treatment module is shown in 
Figure 4-1 below.

Figure 4-1. Process Treatment Module

4.1 Raw Water Flow & Pressure Control
4.1.1 Objectives and Approach
4.1.1.1 Control Objectives
The objective of the raw water flow and pressure control system at the Water2025 WTP is to 
control raw water flow upstream of the water treatment processes. Operating pressure in the raw 
water pipeline is expected to be around 90-110 feet (39-47 psi). This pressure needs to be 
dissipated upstream of treatment tanks to limit approach velocities. The raw water control 
building facility will control raw water flow and reduce the hydraulic grade line to match the 
water surface in the process treatment building. Desired head downstream of the raw water 
control building facility is around 20-30 feet.

Pretreatment processes upstream of the filters, including rapid mix, flocculation, sedimentation, 
and ozonation are discussed in Sections 4.2 through 4.5. Based on historical raw water quality, 
historical performance at Semper WTP during high turbidity events, and bench-top testing, no 
presedimentation basin is recommended for Phase 1 construction of the Water2025 site.

4.1.1.2 Design Alternatives
The Raw Water Control Building will control raw water flow and reduce head. Energy recovery 
devices such as hydroelectric turbines are an option for utilizing the high head energy for 
beneficial use. Regardless of whether an energy recovery device is installed, one or more pressure 
reducing valves (PRV) will be required to reduce head prior to rapid mix. At least two devices are 
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required for resiliency. Screening will be needed at Standley Lake or upstream of the pressure 
reducing devices to prevent impacts from larger debris or particles that could cause damage or 
clogging.

4.1.1.3 Recommended Alternative
Three PRVs will be installed in parallel within the Raw Water Control Building to reduce raw 
water head and provide resiliency. The primary pressure reducing devices will be sleeve type 
PRVs. A parallel orifice valve will be provided for backup.

4.1.2 Flow Control and Pressure Reducing Valve Design Criteria
The preliminary process design criteria for the pressure dissipating devices are provided in 
Table 4-1. One sleeve valve and one orifice valve will be installed during Phase 1 construction. A 
second sleeve valve will be installed during Phase 2.

Table 4-1. Design Criteria for Pressure Reducing Valves

Parameter Units Phase 1 Phase 2
Design Flow
Maximum MGD 30.4 60.8
Average MGD 10.1 20.3
Minimum MGD 3.0 6.1
Valves
Number of Orifice Valves Installed No. 1 1
Size Inch 30 NA
Inlet Pressure Range Psi 39-47
Outlet Pressure Range Psi 8-13
Sleeve Valves
Number of Sleeve Valves No. 1 2
Size Inch 18 18
Orifice Valve
Number Orifice Valves No. 1 1
Size Inch 24 24

4.1.3 Major Equipment Components
The major equipment necessary for raw water pressure reduction at the raw water control 
building are the sleeve valves and orifice valve described in Section 4.1.2.

Figure 4-2 shows a diagram and photographs of a Pratt sleeve valve. The energy dissipating 
device works by forcing the high-pressure water through tapered nozzles on the valve sleeve. 
Water jets are formed that strike each other and provide energy dissipation.
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Figure 4-2. Sleeve Valve
Source: Henry Pratt Company

An orifice valve reduces head and flow rate by changing the relative position of two valve plates 
with orifices. When fully opened, the orifices is in the two plates are completely aligned. Water 
flowing into the valve is divided into jets that pass through the orifices. A diagram showing the 
alignment of plates in a Ross MOV valve is shown in Figure 4-3.

Figure 4-3. Orifice Valve
Source: Ross Valve

4.1.4 Process Facility Layout
The conceptual layout of the raw water control building facility is shown in Figure 4-4. During 
Phase 1 raw water enters the Raw Water Control Building and flows through the sleeve valve for 
pressure reduction.  The orifice valve will be provided in Phase 1 for backup. During Phase 2 raw 
water flow will be split between the two sleeve valves.
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Figure 4-4. Raw Water Control Building Plan-View of Facility with PRVs

The static mixers with chemical injectors shown in Figure 4-4 will be discussed in Section 4.2.

4.2 Rapid Mix
4.2.1 Treatment Objectives and Approach
4.2.1.1 Treatment Objectives
Rapid mixing is the first step in a conventional treatment process. The rapid mix process will be 
divided into three separate steps to disperse chemicals for preoxidation, coagulation, and 
ph/alkalinity adjustment.

 Preoxidation with sodium permanganate is intended to oxidize iron and manganese to form 
iron hydroxide and manganese dioxide, insoluble particulates that can be removed 
downstream with clarification and filtration.  Standley Lake is susceptible to elevated iron 
and manganese concentrations, especially in the summer months. Preoxidation can also 
reduce objectionable taste and odor associated with metabolic by-products associated with 
biological activity and low oxygen conditions in Standley Lake.

 Coagulation using ferric chloride added to the raw water, neutralizes charges and 
destabilizes particles and colloids associated with turbidity by precipitating iron hydroxide. 
As the precipitated iron agglomerates into settleable floc it captures particles and adsorbs 
dissolved organics associated with disinfection by-product (DBP) formation. Coagulation 
chemicals are added in the mixing chamber and thoroughly mixed as quickly as possible to 
provide uniform dispersion of chemicals throughout the raw water.

 pH and alkalinity adjustment using a dilute lime, calcium hydroxide, solution to increase pH 
is necessary because optimum coagulant performance is pH dependent. Alkalinity is 
relatively low for this raw water source, so lime will be added to increase alkalinity. This 
will also increase pH for reducing the corrosion potential of the treated water before 
distribution.



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 4-5

4.2.1.2 Design Alternatives
The design alternatives for the rapid mix system are shown in Table 4-2. Rapid mix system 
design alternatives were previously discussed in TMs and workshops.

Table 4-2. Rapid Mix System Design Alternatives

Criteria Alternative TM / Workshop No.

Preoxidation
Raw Water Control Building

Location
Process Treatment Module

Workshop 3 Process Part 1

Chlorine
Potassium Permanganate
Sodium Permanganate
Chlorine Dioxide

Preoxidant

Ozone

TM 10
Workshop 4 Process Part 2

Coagulation 

Aluminum Sulfate
Ferric ChlorideCoagulant
Aluminum Chlorohydrate

TM 10
Workshop 4 Process Part 2

pH and Alkalinity Adjustment
Acid to lower pH

Chemical
Base to raise pH and alkalinity

TM 10
Workshop 4 Process Part 2

Chemical Sequencing
Low pH coagulation 
(for enhanced organics 
removal)Operation 

Flexibility     
Supplemental alkalinity for 
coagulation

TM 10
Workshop 3 Process Part 1

Mixing Technology
Static mixers (inline and 
channel)

Inline mechanical mixers 
(inline)

Mechanical turbine mixers 
(basin)

Mixer Type

Jet mixing (basin)

TM 10
Workshop 3 Process Part 1

4.2.1.3 Recommended Alternative
There will be a three-stage rapid mix process consisting of preoxidation, coagulation, and 
ph/alkalinity adjustment.

 Preoxidation will be performed by dosing sodium permanganate at the first-stage rapid 
mix. The sodium permanganate dose will be controlled based on oxidant demand and trim 
control using an oxidation-reduction potential (ORP) analyzer.  Static mixers with chemical 
injectors will be located in the Raw Water Control Building upstream of the process 
treatment module.
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 Ferric chloride coagulant will be dosed at the second-stage rapid mix basins. A vertical 
turbine mixer will be installed in the second-stage rapid mix basin for each process train.

 Hydrated lime will be dosed for pH adjustment in the third-stage rapid mix basins. A 
vertical turbine mixer will be installed in the second-stage rapid mix basin for each process 
train.

The ferric chloride and lime chemical sequence can be reversed by opening and closing isolation 
gates between these two mixing chambers if it is desired to increase pH/alkalinity prior to 
coagulation.

4.2.2 Process Design Criteria
The preliminary process design criteria for the three-stage rapid mix system are provided in 
Table 4-3. First-stage rapid mix will consist of one treatment train located in the Raw Water 
Control Building. Two treatment trains for second- and third-stage rapid mix will be provided in 
Phase 1, with each train sized to treat 50 percent of the total plant flow. The process design 
criteria are the same for Phase 1 and Phase 2, with Phase 2 doubling the capacity and number of 
second- and third-stage rapid mix trains.

As stated in Section 4.2.2 of the Design Criteria for Potable Water Systems, CDPHE requires the 
following related to coagulation:

 Use of a primary coagulant at all times for surface water or GWUDI water treatment plants 
using granular media.

 Means for measuring and modifying flow to each train.

 Mixing equipment with a minimum velocity gradient (G) of 500 second-1, and with 
capability to provide adequate mixing at all treatment flow rates.

Table 4-3. Process Design Criteria for Three-Stage Rapid Mix System

Design Criteria Units Phase 1 Phase 2

Design Flow
Maximum MGD 32 64
Average MGD 10.7 21.3
Minimum MGD 3.2 6.4
General
Number of Mixing Stages per Train1 No. 3 3
Stage 1 Rapid Mix Criteria
Number of First Stage Rapid Mix Trains No. 1 1
Rated Capacity per Train MGD 32 64
Chemical Dosed -- Sodium Permanganate, NaMnO4

Mixer Type -- Static Mixer
Number of Mixers No. 2 3
Pipe Diameter for Inline Mixer In. 42 42
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Design Criteria Units Phase 1 Phase 2

Beta Ratio -- 0.8 0.8
Coefficient of Variation (CoV) -- 0.009 0.009
Minimum Reaction Time Min (1)2

Detention Time at Design Flow Min NA
Stage 2 Rapid Mix Criteria
Number of Second Stage Rapid Mix Trains No. 2 4
Rated Capacity per Train MGD 16 16
Chemicals Dosed -- Ferric Chloride, FeCl3
Mixer Type -- Vertical Turbine Mixer
Number of Mixers No. 1 1
Velocity Gradient s-1 >500 >500
Water Temperature deg F 40 40
Minimum Reaction Time Min 0.5 0.5
Detention Time at Design Flow Min 0.55 0.55
Basin Sidewater Depth ft 9.5 9.5
Mixing Chamber Width ft 9.5 9.5
Mixing Chamber Length ft 9 9
Materials of Construction (Basin) -- Concrete
Motor Size hp 15 15
Drive Mechanism -- Top Mounted Motor with VFD
Materials of Construction (Shaft and Impeller) -- 316 SS
Power Requirement Volt/Ph/Hz 480/3/60 480/3/60
Stage 3 Rapid Mix Criteria
Number of Third Stage Rapid Mix Trains No. 2 4
Rated Capacity per Train MGD 16 16
Chemicals Dosed -- Hydrated Lime, Ca(OH)2

Mixer Type -- Vertical Turbine Mixer
Number of Mixers / train No. 1 1
Velocity Gradient s-1 300 300
Detention Time at Design Flow Min 2.07 2.07
Basin Sidewater Depth ft 12 12
Mixing Chamber Width ft 16 16
Mixing Chamber Length ft 16 16
Materials of Construction (Basin) -- Concrete
Motor Size hp 20 20
Drive Mechanism -- Top Mounted Motor with VFD
Materials of Construction (Shaft and Impeller) -- 316 SS
Power Requirement Volt/Ph/Hz 480/3/60 480/3/60

1 Assumes a stationary static mixer will be installed in the Raw Water Control Building.
2 Reaction time for chemical dispersion is only a few second across the static mixer. Reaction time for completing oxidation 
reactions in Stage 2 and Stage 3 downstream mixers > 5 minutes.
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4.2.3 Major Equipment Components
The main components of the first-stage rapid mix include static mixers and chemical injection 
quills. The chemical injection quills are located at the static mixer. There will be one injection 
quill for sodium permanganate (primary), one injection quill for sodium hypochlorite (alternate) 
and one or more spares. An example of a stationary static mixer is shown in Figure 4-5.

Figure 4-5. Stationary Static Mixer
Source: Westfall Manufacturing Company

The main components of the second- and third-stage rapid mix include vertical turbine mixers 
with a variable speed motor and a concrete mixing basin. One vertical turbine mixer will be 
located in each second- and third-stage basin.

 Second-stage: Ferric chloride (primary) or ACH (alternate) will be introduced at the bottom 
of the chamber, directly below the mixing impeller.

 Third-stage: Hydrated lime (primary) will be mixed with plant water and dropped into the 
top of the basin directly above the vertical turbine mixer. If the hydrated lime system is out 
of service for any reason, sodium hydroxide (alternate) will be introduced at the bottom of 
the chamber, directly below the mixing impeller.

Figure 4-6 below shows an example of a vertical turbine mixer in a concrete mixing basin.
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Figure 4-6. Vertical Turbine Rapid Mixer In a Concrete Basin
Source: Meurer Research, Inc.

4.2.4 Process Facility Layout
First-stage rapid mix is located within the Raw Water Control Building as shown in Figure 4-4. 
The raw water pipeline splits into multiple branches for pressure reduction and flow control.  
Each branch is sized for 32 MGD; therefore, there will be a backup branch under both Phase 1 and 
Phase 2 conditions. A static mixer with chemical injectors is located on each branch downstream 
of the PRV. After the downstream straight pipe requirement of the static mixer is satisfied, the 
branches combine into one pipeline heading towards the process treatment module.

The two second- and third-stage rapid mix trains are located on the southern side of the Phase 1 
process treatment module. Figure 4-7 shows the lower-level pretreatment gallery. Each process 
train will have a magmeter and flow control valve located in the raw water piping of the lower-
level pretreatment gallery.

Figure 4-7. Lower-Level Pretreatment Gallery

Following the magmeter and flow control valve, process flow enters the rapid mix inlet basin at 
the bottom of the chamber. As shown in Figure 4-8, flow from the inlet basin moves through the 
transfer channel, second-stage rapid mix basin, third-stage rapid mix basin, and eventually into 
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the flocculation chamber inlet chamber. The order of the second- and third-stage basins can be 
reversed by opening and closing isolation gates. A vertical turbine mixer is located within each 
second- and third-stage basin. Each mixer has a variable speed motor mounted on the platform 
above the basin. A lime slurry mixing tank is located adjacent each third-stage rapid mix basin.

Figure 4-8. Upper-Level Rapid Mix Gallery

4.3 Flocculation 
4.3.1 Treatment Objectives and Approach
4.3.1.1 Treatment Objectives
The objective of flocculation is to provide gentle mixing that ensures destabilized particles are 
combined into larger floc particles that will settle in a reasonable time by gravity in 
sedimentation basins. Flocculation uses mixing that gradually decreases in intensity from around 
70 sec-1 to 20 sec-1 to combine particles with the repellant charges neutralized (destabilized) by 
the coagulant or polymers into larger particles, called floc. Mixing increases the number of 
collisions between the destabilized particles, and the mixing intensity can control the size and 
other characteristics of the flow. The floc can then be settled out in sedimentation basins prior to 
filtration.

Flocculation Inlet Channel
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4.3.1.2 Design Alternatives
The design alternatives for the flocculation system shown in Table 4-4 were previously discussed 
in TMs and workshops.

Table 4-4. Flocculation System Design Alternatives

Criteria Alternative TM / Workshop No.
Stages

2
Number of Stages

3
TM 11

Workshop 3 Process Part 1

Mixing

Intensity Tapered (gradually decreasing)
TM 11

Workshop 3 Process Part 1
Vertical turbine

Horizontal paddle
Vertical paddle

Mixer Type

Hyperboloid

TM 11
Workshop 3 Process Part 1

Baffling 
Serpentine

Type
Over-under

TM 11
Workshop 3 Process Part 1

4.3.1.3 Recommended Alternative
The flocculation process will consist of two flocculation basins in parallel for each phase (two 
flocculation basins for Phase 1, four total basins by Phase 2). The flocculation basins will each be 
rated at 16 MGD, contain three mixing stages, and serpentine baffling. Each mixing stage will have 
tapered velocity gradients and the total detention time in the flocculation basins will be 
approximately 30 minutes at the design flowrate of 16 MGD. Each stage will contain three vertical 
turbine mixers. The targeted velocity gradients for the mixing stages will be 50-70 sec-1 for Stage 
1, 30-50 sec-1 for Stage 2, and 10-30 sec-1 for Stage 3. The motors will be equipped with VFDs to 
adjust the mixing intensity as needed to optimize floc formation.

4.3.2 Process Design Criteria
The preliminary process design criteria for the three-stage flocculation system are provided in 
Table 4-5. Two treatment trains will be provided in Phase 1, with each rapid mix train sized to 
treat 50 percent of the total plant flow. The process design criteria are the same for Phase 1 and 
Phase 2, with Phase 2 doubling the capacity and number of rapid mix trains.

As stated in Section 4.2.3 of the Design Criteria for Potable Water Systems, CDPHE requires the 
following related to flocculation:

 Inlet and outlet design must minimize short-circuiting and destruction of floc.

 Plug flow through a series of a minimum of three baffled compartments, with decreasing 
flocculation mixing energy through each subsequent pass.

 Individual trains may be isolated without disrupting plant operations.
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 A drain and/or pumps shall be provided for dewatering and solids removal during cleaning.

 Minimum theoretic detention time of 30 minutes.

 Velocity of flocculated water leaving the flocculation process through pipes or conduits 
shall be between 0.5 and 1.5 feet per second.

 Means for measuring and modifying flow to each train.

Table 4-5. Flocculation System Design Criteria

Design Criteria Units Phase 1 Phase 2

Design Flow
Maximum MGD 32 64
Average MGD 10.7 21.3
Minimum MGD 3.2 6.4
Basin Geometry
Number of Trains No. 2 4
Rated Capacity per Train MGD 16 16
Number of Stages per Train No. 3 3
Baffle Type Horizontal Serpentine
Detention Time at Design Flow Min 30 30
Basin Sidewater Depth ft 19.25 19.25
Flocculation Stage Width ft 16 16
Flocculation Stage Length ft 48 48
Materials of Construction (Basin) --
Mixing Criteria
Mixing Configuration -- Vertical Turbine Mixing
Number of Mixers per Stage No. 3 3
Design G Value, Stage 1 Sec-1 50 -70 50-70
Design G Value, Stage 2 Sec-1 30-50 30-50
Design G Value, Stage 3 Sec-1 10-30 10-30
Mixer Power, Stage 1 Hp 2 2
Mixer Power, Stage 2 Hp 1 1
Mixer Power, Stage 3 Hp 0.5 0.5
Materials of Construction (Shaft 
and Impeller) -- 316 SS 316 SS

Power Requirement Volt/Ph/Hz 480/3/60 480/3/60
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4.3.3 Major Equipment Components
The major equipment for the flocculation system is vertical shaft turbine mixers. As shown in 
Figure 4-9, the flocculator will be suspended from the drive shaft with the motor drive located on 
a platform above each flocculation chamber.

Figure 4-9. Vertical Turbine Flocculator
Source: SCM Technologies

4.3.4 Process Facility Layout
Following rapid mix, process flow enters the flocculation inlet channel. From the inlet channel, 
water will flow around the first serpentine baffle and into the flocculation basins. Each stage has 
three vertical turbine mixers with motors accessible from the platform above. Following the third 
stage of flocculation, water will flow around the final baffle wall and into the flocculation outlet 
channel.
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Figure 4-10. Conceptual Layout of Flocculation Process

Figure 4-10a. Conceptual Layout of Flocculation Process (without Platforms)



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 4-15

4.4 Sedimentation
4.4.1 Treatment Objectives and Approach
4.4.1.1 Treatment Objectives
The third step in the conventional treatment process is sedimentation. The objective is to 
separate and remove suspended, flocculated particles from water prior to filtration. The objective 
of solids collection is to then remove the settled solids from the sedimentation basins.

4.4.1.2 Design Alternatives
The design alternatives for the sedimentation system are shown in Table 4-6. Sedimentation 
system design alternatives were previously discussed in TMs and workshops.

Table 4-6. Sedimentation System Design Alternatives

Criteria Alternative TM / Workshop No.
Clarification

Type Inclined Plate Settlers
TM 11

Workshop 3 Process Part 1
Solids Collection

Hoseless
Reciprocating scraperType
Chain and flight

TM 11
Workshop 3 Process Part 1

4.4.1.3 Recommended Alternative
The sedimentation process will consist of two sedimentation basins in parallel for each phase 
(two sedimentation basins for Phase 1, four total basins by Phase 2). The sedimentation basins 
will each be rated at 16 MGD and will contain inclined plate settlers.  Flocculated water will enter 
the sedimentation basins on one end below the inclined plate settlers and travel up between the 
inclined plates before being collected in integral settled water troughs located at the top of the 
factory assembled inclined plate unit.

Solids collectors are used to remove solids that settle to the bottom of sedimentation basins and a 
robust, well-maintained system should reduce the need to remove sedimentation basins from 
service for cleaning and maintenance, reducing staff hours devoted to such activities. The 
collectors can be operated continuously or periodically to remove solids from the basin based on 
influent flows and turbidities. Solids in sedimentation basins can range from approximately 0.2 to 
2% dry solids by weight. For this project, solids will be pumped from the sedimentation basins to 
the residuals handling processes downstream.

Two hoseless solids collectors will be installed in each basin.  The hoseless solids collectors will 
employ a cable-driven traveling suction header that moves along the floor of the sedimentation 
basin and removes settled solids. After removal from the sedimentation basins, solids be 
transferred to the residual handling facility. A drywell with flooded suction pumps will be 
provided in the utility corridor.
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4.4.2 Process Design Criteria
The preliminary process design criteria for the sedimentation system are provided in Table 4-7. 
Two treatment trains will be provided in Phase 1, with each sedimentation basin sized to treat 50 
percent of the total plant flow. The process design criteria are the same for Phase 1 and Phase 2, 
with Phase 2 doubling the capacity and number of sedimentation process.

As stated in Section 4.2.6 of the Design Criteria for Potable Water Systems, CDPHE requires the 
following related to inclined plate sedimentation:

 Inlet and outlet design must minimize short-circuiting and maintain velocities suitable for 
settling.

 Inlets must be designed to distribute water evenly and at uniform velocities.

 The rate of flow over the outlet weirs or through the submerged orifices must not exceed 
20,000 gallons per day per foot of the outlet launder or total orifice circumference.

 Submerged orifices must not be located lower than three (3) feet below the flow surface in 
the basin.

 The entrance velocity through the submerged orifices must not exceed 0.5 feet per second.

 Design of plate units shall minimize maldistribution across the plate rack.

 Application rates for plates must not exceed 0.7 gpm/sf.

 Hose bibs must be provided to facilitate washdown and maintenance.

 Basins must be provided with a means for dewatering.

 A method for periodic cleaning of the tubes or plates must be specified.

 Solids collection systems must be designed for maximum solids loading and ensure the 
collection of solids from the basin.



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 4-17

Table 4-7. Sedimentation Process Design Criteria

Criteria Units Phase 1 Phase 2
Design Flow
Maximum MGD 32 64
Average MGD 10.7 21.3
Minimum MGD 3.2 6.4
Basin Geometry
Number of Trains No. 2 4
Rated Capacity per Train MGD 16 16
Number of Basins per Train No. 1 1
Basin Width ft 48 48
Basin Length ft 65 65
Basin Sidewater Depth ft 20 20
Surface Area per Basin sft 3,120 3,120
Basin Detention Time min 42 42
Length of Maintenance Access / Quiescent Zone ft 13 13
Materials of Construction (Basin) -- Concrete Concrete
Plate Settler Criteria
Plate Angle deg 55 55
Plate Surface Overflow Rate1 gpm/sft 0.3 0.3
Plate Efficiency % 90 90
Plate Length ft 9.5 9.5
Plate Width ft 4.5 4.5
Horizontal Plate Spacing in 2.25 2.25
Number of Plates per Basin No. 1,680 1,680
Number of Plate Rows per Basin No. 7 7
Number of Effluent Troughs per Basin No. 8 8
Solids Collection System
Solids Collection Mechanism -- Hoseless solids collector
Number of Solids Collectors per Basin No. 2 2
Total Number of Solids Collectors No. 4 8
Solids Pipe Connection (flanged) in 4 4
Drive hp 1/4 1/4
Power Requirement Volt/ph/Hz 120/1/60 120/1/60
Solids Collection System
Number Transfer Pumps per Basin No. 2 2
Total Number of Sludge Collections No. 4 8
Flow Rate Gpm 400 400
Head2 Ft 40 40
Motor Size Hp 5 5
Power Requirement Volt/ph/Hz 480/3/60 480/3/60
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1 A design plate loading rate of 0.3 gpm/sf was used in the sedimentation basin sizing. This is slightly more conservative than 
the 0.4 gpm/sf loading rate defined in the June 2020 Water2025 Desk-Top Study Report (CDM Smith et al.). Utilizing 0.3-0.4 
gpm/sf satisfies the CDPHE specification of 0.7 gpm/sf as the maximum loading rate.

2 Required head of 40 feet is estimated and will be refined in the next design phase.

4.4.3 Major Equipment Components
The major components in the sedimentation process are the inclined plate settlers and the 
hoseless solids collectors.

Figure 4-11 shows a schematic of inclined plate settlers manufactured by MRI. Process water 
travels into the plates through inlet ports. Inside the plates, solids settle to the bottom while 
water rises to the top. At the top of the plates are effluent tubes with water control orifices that 
convey water into the effluent troughs located along both sides of a row of plates.

Figure 4-11. Inclined Plate Settlers
Source: Meurer Research, Inc.

Figure 4-12 shows a diagram of a hoseless solids collector by MRI. The solids collector has a 
traveling suction header that moves along the floor of the sedimentation basin and removes 
settled solids along its path. There will be two solids collectors per basin separated by a 12 inch 
wide concrete retaining curb between them. Head pressure in the basin forces solids into the 
orifices positioned tangentially at the bottom of each collector.

 
Figure 4-12. Hoseless Cable-Vac Solids Collector
Source: Meurer Research, Inc.
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4.4.4 Process Facility Layout
Flow from the flocculation outlet channel enters the sedimentation basins through a ported wall. 
Figure 4-13 shows the two sedimentation basins located in each process building. The empty 
space prior to the inclined plate settlers in the maintenance access and quiescent zone. Each basin 
has 7 rows of inclined plate settlers and 8 effluent troughs. The effluent troughs will discharge 
into the settled water outlet channel.

Grated platforms will be provided between the basins and along the exterior wall of the process 
building. The grating can be removed for access to the plate settlers during maintenance and 
cleaning activities.

Figure 4-13. Conceptual Layout of Sedimentation Basins and Inclined Plate Settlers

The inclined plate settlers will cause solids to settle to the bottom of the basins. Each basin will be 
equipped with two hoseless solids collectors separated by a retaining curb. Access to the drive 
unit of each solids collector will be provided from the platform above. Solids will enter the 
orifices of the suction headers, travel through the collection chamber, and out the exit pipe. The 
exit pipe will feed flooded suction pumps located in the ozone pipe gallery.
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Figure 4-14. Conceptual Layout of Hoseless Solids Collector

4.5 Ozone
4.5.1 Treatment Objectives and Approach
The intermediate ozone process will also enhance the downstream biological filtration process 
for removal of particles and biodegradable organics (including aldehydes, ketones and other 
biodegradable compounds generated by the ozone process). Removal of these biodegradable 
organics will reduce the potential for biological regrowth in the water distribution system. It will 
also provide oxidation for taste and odor control and primary disinfection for Giardia and virus 
inactivation. Thus, the intermediate ozone process, in conjunction with biological filtration, will 
meet primary disinfection and oxidation treatment objectives and produce biologically stable 
finished water in the distribution system. The post-filter chlorination process will provide a 
second disinfection barrier to ozonation, as discussed in Section 4.7.

The intermediate ozone system for the Phase 1 treatment module includes an ozone generation 
system using liquid oxygen as the feed gas and a post-clarification contacting basin with sufficient 
contact time to complete disinfection and oxidation reactions prior to biological filtration.  This 
section presents the basis of design for the Phase 1 ozone system including:

 A CT disinfection analysis to determine ozone system design requirements for primary 
disinfection, as discussed in Section 4.5.1.2;

 Alternatives analysis to select the size and quantity of ozone generators to meet capacity 
turndown requirements, as discussed in Section 4.5.1.3;
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 Alternatives analysis to determine the type of ozone dissolution system for injecting ozone 
into water, as discussed in Section 4.5.1.3.

 Process and equipment design criteria tables for oxygen feed gas, ozone generation, ozone 
contacting and ozone offgas destruct systems, as discussed in Section 4.5.2;

 Description of major ozone system equipment components for the oxygen feed gas, ozone 
generation and ozone dissolution systems, as discussed in Section 4.5.3; and

 Description of the preliminary layout of the ozone facility for the Phase 1 treatment 
module, as discussed in Section 4.5.4.

4.5.1.1 Ozone CT Disinfection Analysis
CDM Smith’s Ozone CT Analysis Model was used to determine CT disinfection design 
requirements for the intermediate ozone system. Specifically, different combinations of applied 
ozone dose and hydraulic detention time (HDT) values were analyzed to derive optimal CT design 
requirements for sizing the ozone contactors for  1-log Giardia and 2-log virus inactivation. 
Table 4-8 presents the input parameters used by the model to calculate the required applied 
ozone dose at various hydraulic detention times. The model uses the “Extended T10” method for 
deriving CT requirements. Model predictions were based on ozone demand and decay rate data 
from bench-scale testing performed by the University of Colorado for this project (see Desk-Top 
Study Report).  Ozone decay rate constants of 0.09/min and 0.17/min were used for cold and 
warm water temperature conditions, respectively.  The transferred dose (TD) values were 
calculated based on the linear relationship between ozone demand and residuals observed during 
bench-scale testing.  The applied ozone dose was calculated assuming an ozone mass transfer 
efficiency of 92%.
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Table 4-8: Input and Output Parameters for CT Disinfection Analysis Model

Parameter Units Winter Operating 
Scenario

Summer Operating 
Scenario

Disinfection Target --
1-log Giardia,
2-log Virus

1-log Giardia,
2-log Virus

Water Temperature deg C 5 20
CT Target mg/L.min 0.63 0.24
Baffling Factor -- 0.6 0.6
Hydraulic Detention Time min-1 Varies Varies
Ozone Decay Rate Constant1 min-1 0.09 0.17

 Initial Ozone Residual to Meet Cavg mg/L Model Output Model Output
Minimum Final Ozone Residual2 mg/L 0.1 0.1
Calculated Transferred Ozone Dose3 mg/L Varies Varies
Mass Transfer Efficiency % 92 92
Applied Ozone Dose mg/L Model Output Model Output

1 Kd values taken from CU bench-scale ozone testing results, Appendix A of TM 1.
2 Conservative detection limit of 0.1 mg/L for on-line ozone residual analyzers.
3 Transferred dose  = initial ozone residual (calculated) plus ozone demand;
   ozone demand vs. residual equation taken from CU bench-scale testing results, Appendix A of TM 1.

Figure 4-15 presents a schematic of the intermediate ozone contactor layout, which includes four 
serpentine channels defining five CT disinfection zones (A1, A2, B, C and D).  The CT zones can be 
changed seasonally to receive CT disinfection credit at optimal ozone doses and hydraulic 
detention times (HDTs).  The first channel includes two CT zones, which allows for reduced ozone 
dose requirements based on the results of this analysis. Sample points for monitoring initial and 
final ozone residuals for each CT zone are also shown in the figure. Contactor volumes and HDTs 
for each zone are based on the length and width dimensions of each zone and a minimum 
sidewater depth of 19 feet.
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Figure 4-16 presents intermediate ozone CT design curves for warm and cold water conditions. 
The curves depict the relationship between applied ozone dose and hydraulic detention time 
(HDT)to meet CT requirements for each temperature condition at a maximum flow of 16 MGD per 
contactor train. The CT design curve for warm water conditions indicates that a minimum applied 
ozone dose of less than 1 mg/L can be achieved by monitoring ozone residuals in CT disinfection 
Zones A-1, A-2 and B at a hydraulic detention time (HDT) of 3.3 minutes.  Use of additional zones 
(and longer HDTs) will require higher ozone doses to overcome the higher ozone residual decay 
rate required to maintain a detectible ozone residual (> 0.1 mg/L) in downstream CT zones. The 
shape of the CT design curve for cold water conditions with lower ozone decay rates indicates 
that Zones A thru D can be used to reduce the ozone dose to less than 0.5 mg/l at an HDT of 6.7 
minutes.

Figure 4-15. Schematic of Intermediate Ozone Contactor Showing CT Zones and Sample Locations for 
Monitoring Disinfection Credit
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Figure 4-16. Ozone CT Design Curves for 1-Log Giardia and 2-Log Virus Inactivation at Maximum 
Contactor Flow of 16 MGD (2 Contactors in Service)

Figure 4-17 presents intermediate ozone CT design curves for the minimum flow of 3.1 MGD per 
contactor train, which results in much longer HDTs, even with a single contactor in operation. 
Accordingly, the “warm water” design curve indicates that only Zone A1 should be used for 
calculating CT disinfection credit to keep the applied ozone dose around 1 mg/L at an HDT of 4.0 
minutes.  Using more CT zones and longer HDTs will require much higher ozone doses to 
overcome the ozone residual decay rate. Similarly for cold water conditions, only Zones A1 and 
A2 should be used to maintain an ozone residual less than 1 mg/L at an HDT of 5.7 minutes.  Use 
of additional CT zones (and longer HDTs) will significantly increase ozone dose requirements.
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Figure 4-17. Ozone CT Design Curves for 1-Log Giardia and 2-Log Virus Inactivation at Minimum Contactor 
Flow of 3.1 MGD (1 Contactor in Service)

The following conclusions from the CT disinfection analysis were used to develop process design 
criteria, contactor basin layout and operational procedures for the intermediate ozone system:

 A contact basin sized for an HDT between 6 and 7 minutes will meet the 1-log Giardia and 
2-log virus disinfection targets for both summer and winter design conditions at reasonable 
ozone dose (< 1 mg/L).

 A longer contact time (up to 10 minutes) will provide additional time for the ozone residual 
to decay below detection limits in cold water, thereby minimizing the need for ozone 
quenching.

 The optimal ozone design dose for primary disinfection is expected to range from 0.5 to 1.0 
mg/L, assuming that ozone residuals can be measured using different CT zones of the  
contactor for winter and summer seasons to minimize ozone decay rates prior to sample 
collection.

 A conservative design dose of 1.5 mg/L was selected for sizing the ozone generation 
system, assuming “N+1” equipment redundancy for ozone disinfection regulatory 
compliance.  The 50% dose allowance above expected disinfection dose requirements is 
appropriate considering the limited ozone demand/decay data from bench-scale testing.  It 
also provides additional capacity if optimal CT zones are not used for disinfection 
monitoring.  Furthermore, up to 3 mg/l can be provided for oxidation of taste and odors or 
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emerging contaminants by operating all generators (N+0 redundancy) at a lower ozone 
concentration (see Section 4.5.1.2).

 The Extended T10 Method, employing three ozone residual analyzers for each ozone 
contacting basin to calculate an average ozone residual concentration, or the more basic 
Ceffluent method, relying on a single analyzer at the outlet of the selected CT disinfection 
zone, can be used for automatic monitoring of ozone residuals for CT calculations. Both 
methods are allowed by USEPA under the Long-Term 2 Enhanced Surface Water Treatment 
Rule for disinfection regulatory compliance. Due to highly variable decay rates for cold and 
warm water conditions, multiple sample collection points will be provided for each ozone 
contacting basin with capability to move analyzer probe positions periodically to the 
optimal CT zones to respond to seasonal water temperature and ozone decay rate 
conditions.

 Only one ozone contactor should be operated at low plant flow rates to shorten the HDTs 
for the initial CT zones, as discussed above. Two ozone contactors can be operated at 
average to maximum flow rates to meet CT requirements and provide more time for ozone 
residual decay.

4.5.1.2 Design Alternatives
Ozone Generation System 

An ozone generator capacity turndown analysis was performed to determine the most 
appropriate size and quantity of ozone generators to meet two design constraints: (1) ozone 
design dose range of 0.5 to 1.5 mg/L per the disinfection CT analysis discussed in Section 4.5.1.2, 
and (2) 10:1 gas flow turndown for each ozone generator to provide stable production and power 
consumption rates. Two design alternatives were considered:

 Alternative 1: Two larger ozone generators (1 duty, 1 standby) each generator sized for 
100% of ozone production requirements, and

 Alternative 2: Three smaller ozone generators (2 duty, 1 standby), each generator sized for 
50% of ozone production requirements.

Table 4-9 presents the capacity turndown analysis for maximum and minimum generator 
capacity requirements.  The key results are discussed below.

 Alternative 1 (two generators). Each generator is rated at 400 ppd (1 one duty, 1 standby) 
with one generator required to deliver an applied ozone dose of 1.5 mg/L for the Phase 1 
design flow of 31 MGD at an optimal ozone concentration of 12 percent. To meet the 10:1 
gas flow turndown constraint at the minimum dose of 0.5 mg/L and minimum design flow 
of 3.1 MGD, the duty generator must operate at a lower non-optimal concentration of 4 
percent, which will significantly increase both generator power consumption and oxygen 
feed gas rates, based on performance curves provided by the ozone generator suppliers.
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Table 4-9. Ozone Generator Capacity Turndown Analysis 

Parameter Alternative 1 Alternative 2
Minimum Ozone Production
Minimum Applied Ozone Dose (mg/L) 0.50 0.50
Minimum Plant Flow (MGD) 3.1 3.1
Minimum Ozone Production (lb/day) 12.9 12.9
Number of Ozone Generators in Service 1 1
Ozone Production Per Ozone Generator (lb/day) 13 13
Minimum Ozone Feed Concentration (wt %) 4% 8%
Gas Flow Per Ozone Generator (scfm) 2.7 1.4
Maximum Ozone Production
Maximum Applied Ozone Dose (mg/L) 1.50 1.50
Maximum Plant Flow (MGD) 31 31
Maximum Ozone Production (lb/day) 390 390
Number of Ozone Generators in Service 1 2
Ozone Production Per Ozone Generator (lb/day) 400 200
Ozone Feed Concentration (wt %) 12% 12%
Gas Flow Per Ozone Generator (scfm) 27.9 14.0

Gas Flow Turndown Per Ozone Generator 10.3 10.3

 The total ozone production capacity with both generators operating (N+0 redundancy) is 
800 ppd at 12% concentration and approximately 1,040 ppd at 8% concentration (or 30% 
increase in generator capacity based on ozone generator performance curves), increasing 
the applied ozone dose between 3.1 and 4.0 mg/L at design flow for difficult-to-treat water 
quality conditions in the watershed.

 Alternative 2 (three generators). Each generator is rated at 200 ppd (2 duty, 1 standby) 
with two duty generators required to deliver an applied ozone dose of 1.5 mg/L at the 
Phase 1 design flow of 31 MGD and optimal ozone concentration of 12 percent. To meet the 
10:1 gas flow turndown constraint at the minimum dose of 0.5 mg/L and minimum flow of 
3.1 MGD, a single duty generator must operate at a lower (but still optimal) concentration 
of 8 percent, based on generator performance curves.

 The total ozone production capacity with all three generators operating (N+0 redundancy) 
is 600 ppd at 12% concentration and approximately 780 ppd at 8% concentration (30% 
increase in generator capacity), increasing the applied ozone dose between 2.3 and 3.0 
mg/L at design flow for difficult-to-treat water quality conditions in the watershed.

Based on this analysis, CDM Smith recommends implementation of Alternative 2 (three 
generators).  This alternative provides additional equipment redundancy (1 or 2 standby 
generators, depending on ozone production needs) and sufficient operational flexibility to 
reliably deliver a wide ozone dose range (0.5 to 3.0 mg/L), while operating the ozone generation 
system over a more efficient operating range (8% to 12%).
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Ozone Dissolution System 

Two design alternatives were considered for the ozone dissolution system:

 Alternative 1(fine bubble diffusion [FBD]). Ozone gas is dissolved into water via porous 
stone diffusers installed inside a contacting basin.

 Alternative 2 (sidestream injection [SSI] with nozzle manifold). Ozone gas is dissolved into 
a pressurized sidestream flow via a venturi injector and the ozonated sidestream is 
subsequently mixed with the mainstream flow using in-basin nozzle manifolds: A nozzle 
manifold (i.e., pipe header with nozzles) is used to deliver the ozonated sidestream flow to 
the primary process flow within the contactor basin, using nozzle velocity to drive mixing 
within the contacting basin.

Historically, FBD dissolution systems have been most commonly used. However, over the past 10-
15 years SSI systems have become increasingly popular as the preferred technology for ozone 
dissolution especially for high concentration oxygen-fed ozone generation systems where they 
provide improved treatment performance (higher mass transfer efficiency, improved gas-liquid 
mixing, more stable ozone residual, lower ozone production rates) and easier access to 
equipment (i.e., no confined space entry) and maintenance.

Table 4-10 compares the relative attributes of these alternatives for the Phase 1 ozone system 
with respect to five evaluation criteria: treatment process performance, equipment turndown, 
monitoring and control requirements, footprint, health and safety, O&M requirements and 
construction cost. Each alternative was assigned a score from 1 to 5 (5 being the best score) for 
each technical criterion. The scoring results indicate that Alternative 2 (SSI with nozzle manifold) 
ranked higher for five out of six technical criteria and is recommended for implementation.  While 
the construction cost of Alternative 2 will be slightly higher than Alternative 1 due to additional 
equipment requirements for sidestream pumping and injection, this typically represents less than 
10% of the total cost of the ozone system and therefore should not dictate technology selection.
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Table 4-10. Comparison of Ozone Dissolution Alternatives

Criteria Fine-Bubble Diffusion (FBD) Sidestream Injection (SSI) with In-Contactor 
Nozzle Manifolds

Treatment 
Process 
Performance

MTE varies (92-96%) depending on diffuser 
gasket integrity; higher ozone residual 
variability at first sample point may lead to less 
effective ozone dose trim control 

MTE > 95%; turbulent gas-liquid mixing in 
contactor diffusion chamber promotes higher 
MTE and more stable ozone residuals; steady 
ozone residual trends lead to more effective 
ozone dose trim control

SCORE = 4 SCORE = 5

Equipment 
Turndown

Under low ozone dosing and low plant flow 
scenarios, the gas flow per diffuser will be at 
the lower end of recommended range. 

In sidestream injection, ozone dosing turndown 
is effectively handled by turning injection trains 
on and off.

SCORE = 4 SCORE = 5

Monitoring 
and Control 
Requirements

Simpler monitoring and controls than SSI 
because of significantly less instrumentation 
and programming, but less stable ozone 
residuals for CT disinfection monitoring

More instrumentation and programming for 
ozone dose monitoring and control due to SSI 
equipment, but more stable ozone residuals for 
CT disinfection monitoring

SCORE = 5 SCORE = 4

Footprint
Requires the largest footprint for contactor 
basin portion of structure because it includes 
diffusion cell(s)

Footprint for contactor basin is smaller than FBD; 
space for housing SSI injection equipment 
available in lower contactor gallery

SCORE = 4 SCORE = 5

Health and 
Safety

Requires confined space entry for diffuser 
inspection, routine maintenance, and repairs

No confined space entry for inspecting 
equipment (SSI equipment located outside 
contactor)

SCORE = 3 SCORE = 5

O&M 
Requirements

Ozone gas fed directly to FBD grid under 
pressure (no additional equipment); multiple 
ozone diffusers require annual inspection and 
potential diffuser and/or gasket replacement

SSI pumps, injectors and piping required for 
ozone dissolution system which must be 
maintained; all equipment (except nozzle 
manifold) located outside of contactor basins for 
easy access

SCORE = 4 SCORE = 5

Construction 
Cost

Lower capital cost for diffuser grid; no 
additional equipment required outside the 
contactor; higher concrete  cost for larger 
contact basin

Higher capital cost for the SSI pumps and 
injection equipment and nozzle manifold; lower 
concrete  cost for smaller contact basin

SCORE = 5 SCORE = 4
Overall Score 4.1 4.7

4.5.2 Process Design Criteria
Ozone Process Criteria

Table 4-11 presents the process design criteria for the intermediate ozonation process. The 
maximum, average, and minimum flowrates for Phases 1 and 2 are based on the liquids flow 
balance discussed in Section 3.2.2.1, which takes into account in-plant recycle flows to meet a 
net design flow of 30 MGD leaving the treatment modules. Design criteria are presented for two 
water quality scenarios:
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 Normal Treatment Design Conditions.  This scenario represents typical water quality 
conditions where the primary purpose of ozonation is to meet primary disinfection 
requirements and enhanced biofiltration. It assumes an applied ozone dose range of 0.5-1.5 
mg/L, as discussed in the ozone CT disinfection analysis in Section 4.5.1.1.  This scenario 
requires two of the three generators to be online at 12% ozone concentration, with one 
generator as a standby, to meet ozone production requirements.

 Challenging or Catastrophic Treatment Design Requirements.  This scenario represents 
challenging water quality conditions when the plant encounters a severe taste and odor 
event in Standley Lake that requires a higher ozone dose.  CDM Smith’s experience for 
ozone oxidation of algal-derived taste and odor compounds, a dose of 3 mg/L was selected.  
In this scenario all three generators must be online at 8% ozone concentration to meet 
ozone production requirements.

This section steps through preliminary design criteria for each component of the ozone system, 
including information on equipment quantities, capacities and characteristics for normal and 
challenging treatment design requirements.

Table 4-11. Process Design Criteria - Intermediate Ozonation

Description Unit Water2025 WTP 
Phase 1

Water2025 WTP
Phase 2

Maximum Ozone Flow MGD 31.0 62.0
Average Ozone Flow MGD 10.5 21.0
Minimum Ozone Flow MGD 3.1 6.2
Normal Treatment Design Requirements

Treatment Objective -- Primary Disinfection and Enhanced Biofiltration

Maximum Applied Ozone Dose mg/L 1.5 1.5
Average Applied Ozone Dose mg/L 1.0 1.0
Minimum Applied Ozone Dose mg/L 0.5 0.5
Required Ozone Production lb/day 390 780
Challenging Treatment Design Requirements
Treatment Objective -- Severe Taste and Odor Event
Maximum Applied Ozone Dose mg/L 3.0 3.0
Required Ozone Production lb/day 780 1,560

Oxygen Feed Gas System

Table 4-12 presents preliminary design criteria for the liquid oxygen (LOX) storage, 
supplemental liquid nitrogen (LIN) storage and vaporization systems. One horizontal LOX tank 
and vertical LIN tank will be furnished in Phase 1, with the second tanks added in Phase 2 to meet 
ozone production requirements for normal and challenging treatment design requirements. The 
LOX tanks will have a maximum working pressure of 275 psi, but will normally operate at 75 psi, 
which is sufficient to drive ozone gas through the generation and dissolution process, including 
pressure drops across gas flow control valves. Two ambient air vaporizers will be installed in 



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 4-31

Phase 1 and will alternate between duty and standby mode to allow sufficient time for the 
standby unit to defrost.  The LIN tank is equipped with a built-in vaporizer unit and will supply 
0.5 scfm of nitrogen gas (the actual flow will vary depending on the ozone generation supplier) to 
the oxygen feed gas stream under normal treatment conditions.  A nitrogen slipstream will 
improve the energy efficiency of the ozone generators due to the catalytic effect of nitrogen gas. 

Table 4-12. Preliminary Design Criteria - Liquid Oxygen and Supplemental Nitrogen Systems

Description Unit
Water2025 WTP

Phase 1

Water2025 
WTP

Phase 2
Liquid Oxygen Tanks    
Maximum LOX Usage (Normal) gpd 339 679
Maximum LOX Usage (Challenging) gpd 1,018 2,036
Tank Configuration -- Horizontal
Number of Tanks Installed no. 1 2
Nominal Volume of LOX Tank, Each gal 6,220 6,220
Number of Tanks in Service no. 1 2
Net Tank Volume in Service gal 5,970 12,440
Days Storage at Maximum LOX Usage (Challenging) days 5.3 5.3
Days Storage at Maximum LOX Usage (Normal) days 16 16
Days Storage at Average LOX Usage days 71 71
Days Storage at Minimum LOX Usage days 160 160
Operating Pressure psig 75 75
Maximum Allowable Working Pressure psig 175 175
Liquid Oxygen Vaporizers
Type of Vaporizer -- Ambient-Air Ambient-Air
Number of Vaporizers (1 duty, 1 standby) no. 2 4
Vaporizer Capacity scfm 90 90
Vaporization Cycle Time hour 8-12 8-12
Maximum Pressure psig 275 275
Design Pressure psig 75 75
Design Temperature, Minimum deg F -320 -320
Maximum Gas Outlet Temperature (above ambient) deg F +20 +20
Supplemental Nitrogen Tank
Nitrogen Boost Flow Rate (as percent of gaseous oxygen flow) % 2 2
Maximum Estimated Nitrogen Flow (Normal) scfm 0.5 1.1
Maximum Estimated Nitrogen Flow (Challenging) scfm 1.6 3.3
Average Estimated Nitrogen Flow scfm 0.1 0.2
Minimum Estimated Nitrogen Flow scfm 0.03 0.06
Number of Tanks Installed no. 1 2
Nominal Volume of Nitrogen Tank, Each gal 119 119
Number of Tanks in Service no. 1 2
Net Tank Volume in Service gal 111 222
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Ozone Generation System

Table 4-13 presents preliminary design criteria for the ozone generation system. As discussed in 
Section 4.5.1.2, both traditional and modular types of ozone generators will be considered 
during final design. Three ozone generators will be furnished in Phase 1 and six generators in 
Phase 2, based on the capacity/turndown analysis discussed in Section 4.5.1.1. Each generator 
will have a design rating of 200 ppd at 12% ozone concentration by weight. The generators will 
also be designed for a secondary ozone production design point of 300 ppd at 8% ozone 
concentration, assuming a 30% increase in production capacity at the lower concentration. These 
generator production rates exceed the required ozone production rate presented in Table 4-11 
for both normal and challenging treatment design requirements.

The ozone generation system will be designed with an open-loop/closed-loop cooling water 
system. The open-loop segment will use pressurized water from the protected utility water 
system; the return flow will be recycled to the head of the plant. The closed-loop segment will use 
a deionized water supply with corrosion inhibitor and biocide to protect the generator shells. 
Three dedicated cooling water skids (two duty, one standby), one skid per generator.  Each skid 
will include one cooling water pump and one heat exchanger, the latter to transfer heat from the 
closed-loop to open-loop side of the system. The closed-loop cooling water equipment will either 
be located on the same skid as the ozone generator or on a separate skid, depending on the 
vendor-preferred configuration.

Table 4-13. Preliminary Design Criteria – Ozone Generator System

Description Unit
Water2025 

WTP
Phase 1

Water2025 WTP
Phase 2

General    

Type of Ozone Generator --
Dielectric Tubes (Traditional) or

Flat-Plate Dielectric Cells (Modular)

Generator/PSU Configuration --
Generator Vessel and PSU on 

Common Skid
Number of Generators Installed No. 3 6
Maximum Electrical Connected Load Per Generator kW 75 75
PSU Power Requirements (Voltage/Phase/Frequency) -- 480/3/60 480/3/60
Normal Treatment Design Requirements    
Required Maximum Applied Ozone Dose mg/L 1.5 1.5
Ozone Transfer Efficiency % 95 95
Required Maximum Transferred Ozone Dose mg/L 1.4 1.4
Number of Generators Online No. 2 4
Number of Standby Generators No. 1 2
Ozone Concentration % 12 12
Generator Design Capacity ppd 200 200
Total Generator Capacity, Firm ppd 400 800
Actual Maximum Applied Ozone Dose mg/L 1.6 1.6
Actual Maximum Transferred Ozone Dose mg/L 1.5 1.5
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Description Unit
Water2025 

WTP
Phase 1

Water2025 WTP
Phase 2

Challenging Treatment Design Requirements    
Required Maximum Ozone Dose mg/L 3 3
Ozone Transfer Efficiency % 93 93
Required Maximum Transferred Ozone Dose mg/L 2.8 2.8
Generator Operating Scenario No. 1:
  - Number of Generators Online no. 3 6
  - Ozone Concentration % 12.0 12.0
  - Generator Design Capacity ppd 200 200
  - Total Installed Generator Design Capacity ppd 600 1200
  - Actual Maximum Applied Ozone Dose mg/L 2.3 2.3
  - Actual Maximum Transferred Ozone Dose mg/L 2.2 2.2
Generator Operating Scenario No. 2:
  - Number of Generators Online No. 3 6
  - Ozone Concentration % 8.0 8.0
  - Generator Design Capacity ppd 260 260
  - Total Installed Generator Design Capacity ppd 780 1560
  - Actual Maximum Applied Ozone Dose mg/L 3.0 3.0
  - Actual Maximum Transferred Ozone Dose mg/L 2.8 2.8
Generator Cooling Water System

Type of Cooling Water System --
Open-Loop, Closed-Loop with Heat 

Exchanger

Configuration of Cooling Water System --
Separate Cooling Water Skid  or 

Integrated on Generator/PSU skid
Source of Open-Loop Cooling Water -- Protected Utility Water
Number of Closed-Loop Cooling Water Skids no. 3 6
Maximum Open Loop Cooling Water Temperature deg F 75 75
Maximum Open-Loop Cooling Water Flow Rate gpm 40 40
Maximum Closed-Loop Cooling Water Flow Rate gpm 40 40
Number of CLCW Pumps Per Ozone Generator no. 1 1
Total Number of CLCW Pumps no 3 6
Pump Capacity gpm 40 40
Motor Size hp 3 3
Motor Driver Type -- Constant Speed Constant Speed
Number of Heat Exchanger Units Per Ozone Generator no. 1 1
Total Number of Heat Exchanger Units no 3 6



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report

Water 2025
June 21, 2021

Page 4-34

Ozone Dissolution System

Table 4-14 presents preliminary design criteria for the ozone dissolution system.  It includes a 
pumped sidestream injection system with a basin nozzle manifold (manufactured by Mazzei 
Injector Corporation) installed in the first cell of each contacting basin.  Two sidestream injection 
pump skids will be provided for each basin, each skid including two pumps (one duty, one 
standby), one venturi injector, one ozone gas mass flow controller and associated piping, valves 
and instruments.  The nozzle manifold is approximately 6 ft long by 6 inches diameter and 
outfitted with four 4 inch jetting nozzles to disperse the ozonated sidestream flow into the water.  
The mass transfer rates should exceed 95% for normal treatment conditions and slightly lower at 
93% for challenging treatment conditions.

Table 4-14. Preliminary Design Criteria – Ozone Dissolution System

Description Unit Water2025 WTP
Phase 1

Water2025 WTP
Phase 2

Sidestream Dissolution System 
Number of Contactor Trains no. 2 4
Type of Dissolution System -- Basin Nozzle Manifold
Nozzle Manifolds Installed Per Train no. 1 1
Nozzles Per Contactor Basin no. 4 4
Maximum Liquid flow Rate Per Nozzle gpm 168 168
Injectors Per Sidestream System no. 1 1
Nozzles Associated with each Injector no. 4 4
Injector Size inches 4 4
Design Sidestream Water flow Per Injector gpm 670 670
Injector Motive Water Pressure psig 60 60
Injector Motive Water Outlet Pressure psig 15 15
Normal Treatment Design Requirements
Maximum Gas Flow Rate Per Nozzle scfm 5 5
Maximum Gas flow Per Injector scfm 21.0 21.0
Ozone Inlet Pressure at Injector Side Port psig <1 <1
Guaranteed Mass Transfer Efficiency % >95% ±1% >95% ±1%
Challenging Treatment Design Requirements
Maximum Gas Flow Rate Per Nozzle scfm 10 10
Maximum Gas flow Per Injector scfm 41.0 41.0
Ozone Inlet Pressure at Injector Side Port psig <3 <3
Guaranteed Mass Transfer Efficiency % >93% ±1% >93% ±1%
Sidestream Injection Pumps
Number of Sidestream Pumps Installed per Contact Basin no. 2 2
Sidestream Pump Capacity gpm 670 670
Estimated Design TDH feet 138.0 138.0
Motor Size hp 40 40
Motor Driver Type -- Constant-Speed
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Ozone Contacting System

Table 4-15 presents the preliminary design criteria for the ozone contacting basin, which was 
sized and configured based on the CT disinfection analysis discussed in Section 4.5.1.1.  Each 
basin includes four serpentine baffled channels and five CT disinfection zones; one or more of 
these zones are used to provide optimal contact times for warm and cold water disinfection 
requirements.  The overall HDT, including the inlet and outlet chambers, is approximately 9.2 
minutes with both contactor trains in service.  The HDT of the five disinfection zones at design 
flow is XX minutes and the T10 contact time is XX minutes, assuming a conservative 0.65 baffling 
factor.

Table 4-15. Preliminary Design Criteria - Ozone Contacting System

Description Unit
Water2025 

WTP
Phase 1

Water2025 
WTP

Phase 2
Number of Ozone Contactor Trains No. 2 4
Maximum Flow Per Train MGD 15.5 15.5

Type of Ozone Dissolution System -- Sidestream Injection with Basin 
Nozzle Manifold

Type of Contactor Baffling -- Serpentine
Number of Dissolution Cells Per Train No. 1 1
Number of CT Disinfection Zones Per Train No. 5 5
Minimum Contactor Sidewater Depth ft 18 18
Total Contactor Volume Per Train ft3 13,220 13,220
Hydraulic Detention Time Per Train at Design Flow min 9.2 9.2
Total Volume of Disinfection Zones Per Train ft3 9,112 9,112
Hydraulic Detention Time of Disinfection Zones at Design Flow min 6.3 6.3
Contactor Baffling Factor -- 0.65 0.65
T10 Contact Time of Disinfection Zones at Design Flow min 4.1 4.1

Ozone Offgas System

Table 4-16 presents design criteria for the ozone destruct system.  A total of three offgas destruct 
skids (two duty, one standby) are provided for treating ozone offgas flows for the two contacting 
basins. Each skid includes a thermal-catalytic destruct unit and centrifugal blower.  The blowers 
will be equipped with VFD drives to meet turndown constraints under normal and challenging 
treatment design requirements.
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Table 4-16. Preliminary Design Criteria - Ozone Destruct System

Description Unit
Water2025 

WTP
Phase 1

Water2025 
WTP

Phase 2
Number of Ozone Destruct Units No. 3 6
Number of Units in Service No. 2 4
Type of Ozone Destruct Unit -- Thermal-Catalytic
Maximum Offgas Design Flow Per Destruct Unit (Challenging) scfm 90 90
Maximum Offgas Design Flow Per Destruct Unit (Normal) scfm 30 30
Minimum Offgas Design Flow Per Destruct Unit scfm 2 2
Maximum Pressure Drop Across Unit in W.C. 10 10
Maximum Ozone Outlet Concentration ppm 0.1 0.1
Preheater Unit Outlet Temperature Rise Deg F 30 30
Catalyst Chamber Minimum Face Velocity fps 1.5 1.5
Catalyst Chamber Minimum Empty Bed Contact Time sec 1.15 1.15
Preheating Unit Outlet Temperature °F 30 °F above inlet temperature
Power Requirements V/ph/Hz 480/3/60 480/3/60
Offgas Pressure Range in W.C. -3 to 5 -3 to 5
Minimum Blower Static Pressure Rating in W.C. 18 18
Maximum Blower Speed rpm 3,600 3,600
Blower Motor Size hp 3 3
Motor Driver Type -- VFD VFD

4.5.3 Major Equipment Components
The major equipment components for the Phase 1 intermediate ozone system include:

 One liquid oxygen storage tank (one duty).

 Three ambient air vaporizers (one duty, one standby, one defrost).

 One particulate gaseous oxygen filter with bypass (one duty).

 Three ozone generators (two duty, one standby).

 Three closed-loop cooling water skids (Two duty, one standby).

 Four sidestream injection pumps (two duty, two standby).

 Two sidestream venturi injectors ( two duty).

 Three ozone offgas destruct units (two duty, one standby).

 Four pressure-vacuum relief valves (four duty).

 Two offgas demister assemblies (two duty).
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Figure 4-18 presents a schematic of the intermediate ozone system showing the process location 
and quantity of major equipment components. A description of equipment components for the 
oxygen feed gas, ozone generation and ozone dissolution systems is provided below.

Truck Fill 

LOX

VAP1

VAP2

N2

Oxygen Feed Gas Equipment

OGR1

OGR2

OGR3

Ozone Generation Environment

SSI Skid #1

Settled Water Channel
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Manifold

#1
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Manifold

#2

ODU #3

ODU #2
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To Filter Inlet Pipe 
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To Filter Inlet Pipe 
No. 2

Contactor #1 Contactor #2

CATS
CATS

Figure 4-18. Schematic of Intermediate Ozone System for Westminster’s Water2025 WTP

Oxygen Feed Gas System

One horizontal liquid oxygen (LOX) tank and three vaporizers will be installed on a common 
outdoor equipment pad adjacent to the new Chemical Building.  A horizontal tank was selected in 
lieu of a vertical tank to reduce visual impacts of the latter from the neighboring residential 
community east of the plant site.  A LOX fill station will be located adjacent to a pull-out access 
road (with concrete pavement) for truck deliveries.  The tank is filled from both top and bottom 
to control internal pressure buildup.  The vaporizers are simple tube and fin heat exchangers that 
use atmospheric heat collected at the fins to vaporize the LOX as it passes through the tubes.  The 
vaporizers must be alternated at timed intervals (typically every 8 to 12 hours) to allow for a 
defrost cycle to control ice build-up on the vaporizer fins.  Vacuum-jacketed stainless steel piping 
with expansion loops will be provided for the low-temperature LOX piping system.  Figure 4-19 
shows photographs of oxygen storage and vaporization layouts for two ozone facilities.
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Figure 4-19. Photographs of Horizontal and Vertical Liquid Oxygen Tank and Vaporizer Equipment 
Layouts

Ozone Generation System

Two types of ozone generator technologies will be considered during the final design phase: (1) 
traditional ozone generators with tubular glass or ceramic dielectrics and stand-alone power 
supply units, and (2) modular ozone generators with flat-plate ceramic dielectrics and integrated 
power modules.  The latter technology was introduced to the municipal ozone market around ten 
years ago and can be cost-competitive with traditional generators for ozone production capacities 
less than 500 ppd.  The ozone generators for the Westminster project will be rated at 200 ppd 
each based on the alternatives analysis presented in Section 4.5.1.3.

Table 4-17 compares the advantages and disadvantages of these two technologies.  The 
traditional ozone generators operate at lower specific energy consumption rates, especially at 
warmer cooling water temperatures and will not require chillers for the closed-loop cooling 
water system.  The modular generators are designed with multiple independent dielectric/power 
modules housed in a single enclosure, providing built-in equipment redundancy and a smaller 
footprint than traditional generators.  Individual modules can be replaced easily by plant staff 
using a shelf spare module, which the vendors claim improve the operability and maintenance 
requirements for this type of system.  Both types of ozone generators can produce ozone 
efficiently at the design ozone concentration of 12% by weight. 

Figure 4-20 presents photos of traditional and modular ozone generators for two municipal 
ozone systems with similar ozone production capacities.
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Table 4-17. Comparison of Traditional and Modular Ozone Generators
Traditional Modular

Technical Comparison
Lower specific energy per pound of ozone produced at 
the design production and cooling water temperature 
(3.9 to 4.2 kw-hr/lb).

Higher specific energy per pound of ozone produced at 
the design production and cooling water temperature 
(4.5 to 5.0 kw-hr/lb).

Can accommodate higher cooling water temperatures 
(up to 90° F).

Requires lower cooling water temperatures. Certain 
vendors require chillers to meet cooling requirements 
(maximum 68° F).

Requires larger footprint. Dimensions vary significantly 
between vendors. 

Requires smaller footprint. Dimensions allow easy 
retrofit into existing systems/facility. 

Uses horizontal tube dielectrics. Uses plate dielectrics.

Uses single generator vessel and single PSU on one skid. Uses multiple generator cells and PSUs in a single 
enclosure on one skid. 

Available ozone concentration up to 12% with oxygen 
feed gas at efficient power consumption rates.

Available ozone concentrations up to 20% with oxygen 
feed gas, at higher specific power consumption rates.

High (10:1) turndown capability. High (10:1) turndown capability.
O&M Requirements

Redundancy is achieved by providing redundant skids. 
Redundancy is built into the skids due to the multiple 
generators per skid. May reduce the total installed 
capacity. 

Loss of dielectrics requires visual inspection and 
troubleshooting.

Extensive internal instrumentation and monitoring 
allows less onerous troubleshooting. 

Replacement of dielectrics is an extensive procedure and 
is typically performed by the vendor or third party. 

Replacement of generator cells is relatively easy and can 
be performed by plant maintenance staff. 

Industry Experience and After Market Care

Wide spread use in the municipal water market. Limited use in the municipal market. Mainly used in 
industrial applications.

Well established technology over many decades. Relatively new technology.

After market care can be provided by 3rd party 
technicians providing additional servicing options. 

After market care is more limited to the system supplier. 
Third party technicians may be able to service the units, 
dependent on the vendor selected. 
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Figure 4-20. Photographs of Traditional (SUEZ) and Modular (Pinnacle) Ozone Generator Technologies for 
Municipal Ozone Systems

Ozone Dissolution System

Figure 4-21 presents the basic features of a sidestream injection ozone dissolution system with 
basin nozzle manifold, manufactured by Mazzei Injector Company.  A stainless steel nozzle 
manifold placed near the bottom of a dissolution chamber in the contactor basin, is used to mix 
the ozonated sidestream flow with the main process flow. CFD modeling is typically performed by 
the manufacturer to optimize the number and position of the nozzle manifolds within the 
dissolution chamber for homogenous gas-liquid mixing and effective ozone mass transfer. 
Typically, each nozzle manifold is connected to one sidestream pump and venturi injector 
assembly.

Figure 4-21. Schematic of Sidestream Injection Ozone Dissolution System with Basin Nozzle Manifold.
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Figure 4-22 present photographs of the sidestream injection equipment for intermediate ozone 
for the 20 MGD Trap Rock WTP in Loudoun County, VA.  A similar sidestream pumping and basin 
nozzle manifold arrangement will be designed for Westminster’s Water2025 WTP.

Figure 4-22. Photographs of Sidestream Injection Equipment (Pumps, Injectors and Nozzle Manifold) for 
20 MGD Trap Rock WTP, Loudoun County, VA

Ozone Offgas Destruct System

Figure 4-23 present photographs of the ozone offgas destruct units (located outdoors above the 
ozone contactor basins) for intermediate ozone for the 20 MGD Trap Rock WTP in Loudoun, 
Virginia.  The ODUs for Westminster’s Water2025 WTP will be located indoors in the Ozone 
Generation Room.

 
Figure 4-23. Photographs of Intermediate Ozone Offgas Destruct Units for 20 MGD Trap Rock WTP, 
Loudoun County, VA
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4.5.4 Process Facility Layout
The Phase 1 intermediate ozone facility layout can be described as a two-level “stacked” 
structure—an Ozone Generation Room and Electrical Room located at the upper level and two 
parallel ozone contacting basins and a pipe gallery at the lower level.  An upper corridor between 
the Ozone Generation and Electrical Rooms connects the pretreatment basin walkway to the filter 
operating floor.  The lower level pipe gallery is located between the IPS basins and ozone 
contacting basins; a central sloping corridor connects this gallery to the filter pipe gallery located 
at a slightly lower elevation.  The overall layout and ozone equipment locations are discussed 
below.

LOX Tank and Vaporization Area

Figure 4-24 presents the preliminary layout of the liquid oxygen (LOX) tank and vaporization 
area.  The LOX tanks, liquid nitrogen tanks and ambient-air vaporizers for the Phase 1 and Phase 
2 treatment modules are (or will be) installed on an outdoor concrete pad adjacent to the 
Chemical Building on the south side of the plant site.  Gaseous oxygen and nitrogen piping will be 
routed from this area, through the Chemical Building and Utilidoor, to the Ozone Generation 
Room for supplying feed gas to the ozone generators.

Figure 4-24. 3D Model Views of Liquid Oxygen and Vaporization Area



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 4-43

Ozone Generation and Electrical Room

The Ozone Generation Room houses the ozone generation equipment, offgas destruct units and 
master ozone control panel (MOCP).  This room was sized based on use of traditional ozone 
generation equipment, which combine the ozone generator vessel, power supply unit and cooling 
water equipment on a common skid.  Modular-type ozone generation equipment will also be 
considered in final design, which will change the overall equipment layout and dimensions of the 
Ozone Generation Room.  This room will be designed for hazardous occupancy, equipped with 
ambient oxygen and ozone leak detectors and ventilated with a minimum of six air change per 
hour.  The Electrical Room on the opposite side of the corridor will house the switchgear and 
motor control centers (MCCs) for the Phase 1 treatment module, including motor-driven 
equipment for pretreatment, ozone and filtration processes.

Figure 4-25. 3D Model Views of Upper Level of Ozone Facility for Phase 1 Treatment Module

Ozone Contacting Basins

Figure 4-26 presents 3D model views of the ozone contactor basins and the adjoining pipe 
gallery.  The ozone contacting basins are designed with large inlet and outlet chambers with 36 
inch stainless steel inlet/outlet pipelines with perforated or ported openings for uniform 
distribution and collection of settled and ozonated water flows.  A baffle wall with bottom 
opening for installing the ozone nozzle manifold is located at the outlet side of the inlet chamber.  
Similarly, an under-baffle wall for installing the ozone quench diffuser is located at the inlet side 
of the outlet chamber.  Four long, narrow contactor channels are located between the inlet and 
outlet chambers to provide sufficient contact time to complete ozone disinfection and oxidation 
reactions.  As discussed earlier, the contactor channels are divided into five CT disinfection zones 
with sample taps located at the inlet and outlet of each zone.  Three ozone residual sample 
stations for each contacting basin (S1 to S6) are located in the ozone pipe gallery for continuous 
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monitoring of ozone residual profiles at selected sample taps for primary disinfection credit.  An 
additional sample tap (S7) is located in the ozonated water outlet pipe to monitor oxidation-
reduction potential (ORP) readings to trigger an alarm to start the ozone quench system in the 
event of ozone residual carryover to the filtration process.

Figure 4-26. 3D Model Views of Ozone Contactor Basins and Pipe Gallery for Phase 1 Treatment Module

Ozone Pipe Gallery

Figure 4-27 presents 3D model views of the ozone pipe gallery, located south of the contactor 
basins.  The ozone pipe gallery houses the ozone sidestream pumping and injection equipment 
for the ozone contacting basins and the solids transfer pumps for the IPS basins.  Two sidestream 
injection equipment skids are located adjacent to the contactor inlet chambers.  Each skid 
includes two sidestream pumps (duty/standby), one venturi injector and associated sidestream 
piping, valves and an ozone mass flow controller.  Sidestream flows are taken from the inlet 
chamber of the contactor, pumped through the injector and returned to the contactor through the 
nozzle manifold as ozone gas is pulled through the throat of the venturi injector.  

Six ozone residual sample station panels (three per contactor basin) are mounted on the north 
wall of the pipe gallery and connected to ½ inch stainless steel sample piping from six ozone 
residual sample tap locations in each contactor.  Finally, two ORP sample station panels are 
mounted on the east and west walls of the corridor between the ozone and filter galleries to 
monitor for ozone residual carryover in the ozonated water outlet piping. 

Four solids transfer pumps (two per IPS basin) are located in the ozone pipe gallery below the 
common settled water outlet channel.  The pumps transfer residuals from the IPS basin solids 
collectors to the washwater and solids equalization basin on the plant site.



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 4-45

Figure 4-27. 3D Model Views of Lower Level of Ozone Facility for Phase 1 Treatment Module

Process Flow Description

The flow pathway through the intermediate ozone treatment process can be described as follows:  

 Flows from the IPS basins are transferred to the ozone contacting basins through two 36 
inch settled water transfer pipes located overhead and spanning across the ozone pipe 
gallery.

 Each pipe terminates in the inlet chamber of each contactor directing flows downward 
through multiple openings in the bottom portion of the pipe.  The pumped sidestream 
system injects ozone into the water flow through a basin nozzle manifold located at the 
outlet of the inlet chamber of each contactor.

 The ozonated water then flows through four serpentine baffled channels of each contactor 
to complete ozone disinfection and oxidation reactions and

 exits the contactor through a ported outlet pipe located in the last channel of the contactor.

If required, an ozone quenching agent (calcium thiosulphate) can be applied using a pumped 
sidestream chemical mixing diffuser system at a lower baffle opening upstream of the outlet 
channel for quenching any remaining dissolved ozone in the water.  Each ozone contacting basin 
can be isolated using manual drip-tight butterfly valves located in the inlet and outlet piping.
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4.6 Filtration
4.6.1 Treatment Objectives and Approach
4.6.1.1 Treatment Objectives
 The primary purpose of filtration processes is to remove particles and turbidity from the 
clarified water. Additional treatment benefits, demonstrated through pilot testing for the 
Water2025 project, include removal of organics and oxidized colloidal manganese particles. In 
the media filtration process, particles deposit within the pore spaces of a granular media filter 
bed through various mechanisms including transport to and attachment on the surface of the 
granular media or previously deposited particles. Particles are stored in the media bed and 
removed during periodic backwashing cycles. Filtration performance is impacted by 
pretreatment, media type, effective size, uniformity coefficient, depth, and filtration loading rate. 
Several media configurations, including varying coarse media depth and type (anthracite or GAC), 
were evaluated through pilot testing.

Biologic filtration (also known as biofiltration), typically defined as the operation of filters 
without pre-application and maintenance of a chlorine or chloramine residual throughout the 
filter bed, provides several enhanced treatment benefits. Biologic filtration removes 
contaminants by three principal mechanisms – biodegradation, adsorption of micropollutants, 
and filtration of suspended solids. The microbial growth attached to the filter media (biofilm) 
consumes the organic matter that would otherwise flow through the treatment plant, and 
ultimately into the distribution system. The end products are carbon dioxide, water, biomass, and 
simpler organic molecules. Particle filtration takes place on the bare filter media as well as the 
biofilm. Biologic filtration enhances the removal of biodegradable organic carbon and taste and 
odor compounds through biological oxidation processes.  Ozonation prior to the filtration process 
increases levels of assimilable and biologically degradable organic carbon which serve as a 
carbon source for the biofilm community in the filter.  Ozone-enhanced biologic filtration, as 
opposed to conventional filtration or non-biologic (chlorinated) filtration, results in improved 
biostability and TOC removal, which contributes to reduced DBP formation potential, as 
confirmed by the pilot study.

4.6.1.2 Design Alternatives
The design alternatives for the filtration system are shown in Table 4-18 were previously 
discussed in TMs and workshops.
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Table 4-18. Filtration System Design Alternatives

Criteria Alternative TM / Workshop No.
Media Configuration

Dual Media Anthracite/Sand (Pilot Filters 2 and 4)
Anthracite: 

- Depth: 48 in.
- Effective Size (ES) 1.2 – 1.4 mm
- Uniformity Coefficient (UC): 1.3
- L/d: 938 

Sand: 
- Depth: 12 in.
- Effective Size (ES) 0.6 – 0.7 mm
- Uniformity Coefficient (UC): <1.35
- L/d: 469 

Dual Media GAC/Sand (Pilot Filters 1 and 3) 
Anthracite: 

- Depth: 48 in. Exhausted GAC
- Manufacturer: Cabot (form. Norit)
- Mesh Size: 8 x 16
- Effective Size (ES) 1.3 – 1.5 mm
- Uniformity Coefficient (UC): 1.4
- L/d: 871 

Sand: 
- Depth: 12 in.
- Effective Size (ES) 0.6 – 0.7 mm
- Uniformity Coefficient (UC): <1.35
- L/d: 469

Pilot Study Report
TM 5B Process Train Recommendations

PD03 Workshop 3 Process Part 1

Filtration Operation
Chlorinated
Biologic Filtration
Enhanced Biologic Filtration with Ozone

Pilot Study Report
TM 5b Process Train Recommendations

Workshop 3 Process Part 1

Design Filter Loading Rates
5 gpm/sf

7.5 gpm/sf

10 gpm/sf

Pilot Study Report

4.6.1.3 Recommended Alternative
As demonstrated in the previously submitted materials summarized in Table 4-18, the 
Water2025 WTP will consist of ozone-enhanced biological dual-media filtration with anthracite 
over sand filter media. Anthracite media was slightly more effective than GAC for turbidity 
reduction but both types met the turbidity goal (< 0.1 NTU). The six filter units will be sized for 
32-MGD total with one filter offline for backwashing and one filter under maintenance (N-2). 
CDPHE allows firm filtration rates up to 5 gpm/sf to be implemented without piloting and a 
variance request. The City has elected to pursue a proposed filter loading rate up to 10.0 gpm/sf 
for the N-2 condition (8.0 gpm/sf for the N-1 condition) and has therefore submitted a single 
variance request for CDPHE approval through submission of the Pilot Study Report in April 2021.
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4.6.2 Process Design Criteria
Table 4-19 presents preliminary design criteria for the filtration process and filter backwash 
system.  The design criteria for several filtration parameters (media selection, filter loading rate, 
and empty bed contact time [EBCT]) are based on pilot plant testing results explained in the Pilot 
Study Report. The pilot also verified and optimized backwash frequency (run time, terminal 
headloss, unit filter run volume [UFRV], terminal turbidity), and confirmed anticipated backwash 
recovery is acceptable. Table 3-3 specifies maximum combined and individual turbidity filter 
effluent of <0.1 NTU 95% of the time at normal conditions and 0.5 NTU max; <0.3 NTU 95% of the 
time at extreme conditions (challenging and catastrophic). Based on pilot testing the minimum 
triggers for backwashing will be whichever of the following parameters is reached first:

 Minimum Unit Filter Run Volume: 12,000 gal/sf.

 Turbidity: <0.10 NTU.

 Filter Headloss: 8 feet.

The required size (total filtration area) of filter units for Phase 1 design flows are directly 
proportional to filter hydraulic loadings rates.  The permitted filter loading rate of 10 gpm/ft2 
produces the maximum treatment capacity of 32 MGD with only four filters in service. This design 
flow scenario will allow one filter to be down for maintenance and another in backwash. In 
accordance with CDPHE standards, a filter to waste (FTW) process will be included to mitigate 
the characteristic turbidity ripening spike following a backwash. The proposed control strategy is 
a constant rate mode of operation with effluent flow control provided by a throttling butterfly 
valve.

Table 4-19. Preliminary Process Design Criteria—Filtration

Description Unit New WTF 
Phase 1

New WTF Phase 
2 Comments

Filtration System
Total Plant Flow MGD 32 64  

Type of Filtration -- Biological 

Control Strategy -- Constant rate with effluent flow 
control

Total Number of Filters No. 6 12  

Number of Filters Per 
Bank

No. 3 3  

Maximum Flow Per Filter MGD 8 8 With two filters out of service

Number of cells per filter No. 1 1

Filter length ft 28 28

Filter width ft 20 20

L to W Ratio -- 1.4 1.4

Filter area sf 560 560

Total filter area sf 3,360 6,720
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Description Unit New WTF 
Phase 1

New WTF Phase 
2 Comments

Filter Media Type GAC or Anthracite Over Sand

Filter Underdrain Type Monolithic false-floor plenum style with nozzles at 
6 inch – 8 inch spacing. Direct media retention 
(gravel less). Total underdrain height: 48 inch.

Manufacturers: Orthos, Suez, 
and WesTech

Air Scour Air distribution header in plenum of underdrain

Filter Media Specifications

Coarse Media Type -- Anthracite Anthracite

Coarse Media Depth In 48 48 60 inch coarse media possible in 
future 

Coarse Media Effective 
Size

mm 1.25 – 1.35 1.25 – 1.35 For anthracite

Coarse Media Specific 
Gravity

-- <1.7 <1.7 For anthracite

Coarse Media Uniformity 
Coefficient

-- 1.3 1.3 For anthracite

Coarse Media L/d -- 938 938 Ratio of depth of media (L, mm) 
and effective size (d, mm)

Fine Media Type -- Sand Sand

Fine Media Depth In 12 12  

Fine Media Effective Size mm 0.60 – 0.70 0.60 – 0.70

Fine Media Specific 
Gravity

-- <2.65 <2.65

Fine Media Uniformity 
Coefficient

-- 1.35 1.35

Fine Media L/d -- 469 469 Ratio of depth of media (L, mm) 
and effective size (d, mm)

Total Media Depth In 60 60 72 inch total media possible in 
future 

Total Media L/d -- 1,407 1,407 Sum of coarse and fine media L/d

Filter Hydraulics

Minimum Target Unit 
Filter Run Volume 
(UFRV)

gal/sf 12,000 12,000 Based on piloting at 10 gpm/sf

Terminal Filter Headloss 
(Minimum Available 
Filtering Head)

ft 8 8

Design Filter Hydraulic 
Loading Rate with Two 
Filters Out of Service in 
each Train (N-4)

gpm/sf NA 10 Meets CDPHE design criteria, 
approval requested. Phase 2 
only.

Design Filter Hydraulic 
Loading Rate with Two 
Filters Out of Service (N-
2)

gpm/sf 10 8 Meets CDPHE design criteria, 
approval requested
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Description Unit New WTF 
Phase 1

New WTF Phase 
2 Comments

Design Filter Hydraulic 
Loading Rate with One 
Filters Out of Service (N-
1)

gpm/sf 8 7.2 Meets CDPHE design criteria, 
approval requested

Design Filter Hydraulic 
Loading Rate with All 
Filters in Service (N)

gpm/sf 6.6 6.6 Meets CDPHE design criteria, 
approval requested

Design Filter Empty Bed 
Contact Time (EBCT) 
with Two Filters Out of 
Service

Min 3.8 4.7 At 8 MGD per filter (Phase 1) and 
6.4 MGD per filter (Phase 2), 
based on total media depth (60 
inch)

Design Filter Empty Bed 
Contact Time (EBCT) 
with One Filter Out of 
Service

Min 4.7 5.2 At 6.4 MGD per filter (Phase 1) 
and 5.8 MGD per filter (Phase 2), 
based on total media depth (60 
inch)

Design Filter Empty Bed 
Contact Time (EBCT) 
with All Filters in Service

Min 5.7 5.7 At 5.3 MGD per filter, based on 
total media depth (60 inch)

Number of Active Filters 
at Design Flow Rate

No. 4 10 Meets CDPHE design criteria

Number of Standby 
Filters at Design Flow 
Rate

No. 2 8 Meets CDPHE design criteria

Design Filter to Waste 
Rate

gpm/sf 10 10

Filter Backwash System
Type of Backwash 
Method

-- Concurrent Air-Scour/Backwash  

Number of Backwash 
Supply Pumps No. 3 3

(N+1), 2 duty + 1 standby
Same pumps used for Phase 1 
and Phase 2 filters 

Maximum Backwash 
Supply Hydraulic Loading 
Rate gpm/sf 22.5 22.5
Design Maximum 
Backwash Supply Flow gpm 12,600 12,600
Minimum Backwash 
Supply Loading Rate gpm/sf 6 6
Design Minimum 
Backwash Supply Flow gpm 3,360 3,360
Capacity of Each 
Backwash Supply Pump gpm 6,300 6,300

Estimated Pump TDH Ft 60 60
Estimated Pump Motor 
Size HP 150 150

Pump Type -- Vertical Turbine Vertical Turbine
Number of Backwash 
Troughs per Filter No. 4 4
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Description Unit New WTF 
Phase 1

New WTF Phase 
2 Comments

Flow per Backwash 
Trough gpm 3,465 3,465 Sized for backwash flow plus 10%

Backwash Trough Length Ft 20 20 Same as filter width

Backwash Trough Width in 21 21

Backwash Trough Depth in 25.5 25.5

Type of Trough -- Round Bottom Round Bottom

Material of Construction -- FRP or 316 SST FRP or 316 SST

Number of Air Scour 
Blowers No. 2 2

(N+1), 1 duty + 1 standby
Same blowers used for Phase 1 
and Phase 2 filters

Maximum Air Scour 
Pneumatic Loading Rate

scfm/sf 4 4 Meets CDPHE design criteria 

Capacity of Each Air 
Scour Blower scfm 2,240 2,240
Estimated Blower Motor 
Size HP 175 175

Type of Blower --

Positive 
Displacement 
or Multi-stage 
Centrifugal

Positive 
Displacement or 
Multi-stage 
Centrifugal

Table 4-20 presents the proposed filter geometry and relevant elevations. A filtering area of 560 
sf provides 10 gpm/sf filtration rate at a design flow of 32 MGD for Phase 1 with two filters out of 
service. The filter length is the dimension of the filter perpendicular to the filter gallery.

Table 4-20. Proposed Filter Geometry and Relevant Elevations

Description Units Value
Bottom of Filter/Pipe Gallery Floor Elevation 5350.0
Top of Underdrain Elevation Elevation 5354.0
Top of Media Elevation 
(Current/Future)

Elevation 5359.0/5360.0

Bottom of Backwash Troughs Elevation 5362.87
Top of Backwash Troughs Elevation 5365.0
Normal Operating Levels Elevation 5369.0
Filter Operating Top Deck Elevation 5373.0
Media Freeboard (Current/Future) ft 3.87/2.87
Media Free (% of Bed Depth) 
(Current/Future)

% 77%/48%

Total Filter Box Depth ft 23.0
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4.6.3 Major Equipment Components
The following major equipment components are part of the Phase 1 biological filtration system:

 Filter Box Components (depicted in Figure 4-28):

 The normal operating level is located 9 – 10 feet above the media surface (for 60 inch 
and 48 inch of media, respectively) to provide for sufficient available filtering head 
(minimum 8 feet).

 Media: 48 inch anthracite over 12 inch sand with provisions to increase coarse media 
depth 60 inch in the future if necessary.

 Backwash troughs: Four 1.75 ft wide stainless steel or FRP troughs per filter box will 
be located above the filter media to discharge spent backwash flows into the upper 
gullet, adjacent to each filter. As shown in Table 4-21, the filter backwash trough 
elevation is set to provide nearly 50% bed expansion (48%) with 72 inch total media 
(77% bed expansion with 60 inch total media). Typically, a minimum 50% bed 
expansion is targeted for new installations.   

 Upper Gullet: The top channel of the gullet will transfer ozonated settled water flows 
to each filter box and waste filter backwash from the troughs into the upper gullet 
and out of the gullet via a waste filter backwash pipe.

 Lower Gullet: The bottom channel of the gullet will transfer filtered water flows to 
the filtered water piping during a filtering cycle and backwash flows to the 
underdrain system during a backwash cycle. A series of orifices are located in the 
bottom of the wall to evenly distribute water between the lower gullet to underdrain 
plenum. The side feed arrangement greatly reduces the risk of uplift forces during a 
filter backwash. Uncontrolled uplift forces are the most common underdrain failure 
mode. A static vent pipe routed above the filter walkway level and discharging over 
the filter will allow for venting of air and water (in the event of over-pressurization).

 Constructed air gap: The configuration of the Upper and Lower Gullets results in a 
common wall construction between potable and non-potable water, which is not 
allowed per CDPHE regulations. To mitigate the potential cross connection, a 
constructed air gap will be formed between the top slab of the lower gullet and 
bottom slab of the upper gullet. The gap will be large enough to allow observation 
from the filter gallery. This approach has been used at other plants in Colorado and 
CDM Smith has recent experience with constructed air gaps at facilities in other 
states.
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Figure 4-28. Filter Box Components

 Air Scour Blower: Located in the filter maintenance gallery. Air will be conveyed to filters 
via a 12 inch pipe.

 Filter Backwash System: The filter backwash system will include three backwash pumps 
(two duty/1 standby) and two air scour blowers located on the filter maintenance gallery 
level for backwashing the filters using a sequential air scour/pumped backwash control 
system. The system will provide chlorinated backwash from the Chlorine Contact and 
Finished Water Tank with the option to de-chlorinate using calcium thiosulfate prior to 
entering the Process facility, as shown in Figure 3-1.

 Chemical application: Future hydrogen peroxide application points will be provided in the 
settled water and filter backwash supply water. Recent research has shown that, in some 
cases, low doses of hydrogen peroxide can enhance biofiltration performance, while 
minimizing the head loss associated with extra-polymeric substances (EPS) excreted by the 
microbial community within the filter bed.

 Filter Underdrain System: Each filter box will include a monolithic false-floor underdrain 
system with nozzles to support the filter media and distribute air scour and backwash 
flows.  Figure 4-29 depicts the monolithic false-floor underdrain approach.

 Access: the underdrain top slab is located 48 inch off the floor. Assuming a 7 – 8 inch 
thick underdrain floor slab, this allows for approximately 41 inch of underdrain 
plenum space for periodic inspection. Access to the filter underdrain plenum will be 
provided by a removable panel located in either the filter gallery wall or the wall 
between the lower gullet of the filter and underdrain plenum. In the case of the latter, 
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the lower gullet can be accessed by removing the blind flange tee in the backwash 
pipe.

 The filter air scour piping will be routed in the plenum space of the underdrain. 
Nozzles in the pipe will allow distribution of air throughout the plenum, which in 
tandem with air metering orifices located in the underdrain nozzle tail pipe will form 
a cushion of air throughout the filter during air/water backwash.

Figure 4-29. Proposed Filter Underdrain System Example

 Piping: The filter pipe gallery houses the two interconnected ozonated water pipe headers, 
individual filtered water piping for each of the six filters, two combined filtered water pipe 
headers located below the gallery floor, and backwash supply piping.
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Table 4-21: Proposed Filter Piping Diameters
Value

Criteria Design 
Value Unit

Rated (N-2) Rated (N-1) Phase 1 Max Phase 1 
Avg Phase 1 Min

Plant Flow -- MGD 32 32 31.05 15 5

Gallery OZW 
Diameter -- in 36

Gallery OZW 
Velocity <6.0 ft/s 5.3 4.2 4.1 2.0 1.1

Filter Influent 
(OZW) Diameter -- in 24

Filter Influent 
(OZW) Velocity <4.0 ft/s 3.9 3.2 3.1 1.5 0.8

Filtered Water 
(FLW) Diameter -- in 20

FLW Velocity <6.0 ft/s 5.7 4.5 4.4 2.1 1.2

Combined FLW 
Diameter -- in 36

Combined FLW 
Velocity <6.0 ft/s 5.3 4.2 4.1 2.0 1.1

CW Influent 
Diameter -- in 48

CW Influent 
Velocity <6.0 ft/s 3.9 3.9 3.8 1.8 0.6

Filter Backwash 
Diameter -- in 30 

Filter Backwash 
Velocity <8.0 ft/s 5.7 (in 30 inch main header) 

Waste Filter 
Backwash 
Diameter 

-- in 42 

Waste Filter 
Backwash 
Velocity 

<4.0 ft/s 3.2 (assuming full pipe) 

Filter Backwash 
Air Diameter -- in 12 

Filter Backwash 
Air Velocity <4,000 ft/min 2,852 
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Filter Backwash 
Air Diameter in 
Plenum 

-- in 10 

Filter Backwash 
Air Velocity in 
Plenum 

<4,500 
(per 
mfr)

ft/min 4,107

For the common gallery 36 inch ozonated water pipes and common 36 inch filtered water piping, 
velocity criteria were calculated assuming the pipes will handle a total of 24 MGD (8 MGD from 
three filters). Pipe diameters and velocity criteria will be refined as the plant hydraulics and 
layouts are further developed.

4.6.4 Process Facility Layout
Figure 4-30 presents a conceptual layout of the filter building for Phase 1.  This includes six filter 
units with a centrally located upper level filter operating gallery and walkways and lower level 
pipe gallery.

Figure 4-30: 3D Model View of Filter Operating Gallery Level

The filter pipe gallery connects to the filter maintenance gallery at the north end of the process 
building. The filter maintenance gallery is located at grade and a hoist or platform lift will be 
provided for maintenance access to the filter pipe gallery to remove equipment. Each filter bank 
will include monorails with access hatches to hoist media from the maintenance gallery to the 
operating gallery for routine topping off of filter media. For full-scale media changeouts, drive up 
access will be provided on at least one side of the filter area to allow for vactor removal of old 
media and education of new media into the bed. The maintenance gallery is accessed through 
external doors and/or through the lower utility corridor. The maintenance gallery houses the air 
scour blowers, backwash supply control valve and flow meter, backwash supply vent to prevent 
over-pressurization of the filter underdrains, and the FTW air gap, as shown in Figure 4-31. The 
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backwash supply vent and FTW will discharge to an “stand pipe” connected to the waste 
backwash piping via air gaps.

Figure 4-31: Process Building Section View of Filter Maintenance Gallery

The proposed FTW assembly layout in shown in Figure 4-32. The FTW is conveyed through the 
backwash header to an air gap arrangement which allows discharge into the waste backwash 
piping in the filter maintenance gallery. During the FTW cycle, the backwash flow meter is used to 
measure flow while the control valve determines the waste rate. The required FTW air gap is 
achieved by exercising a double block and bleed arrangement. During backwash operations, the 
two block valves are closed and the bleed-to-drain valve stays open to form the air gap. Cross-
connection during operation is avoided because FTW and backwash operations do not run 
concurrently. When FTW occurs, the bleed drain is shut and the two block valves are opened to 
discharge FTW to the standpipe connected to the waste backwash piping. FTW is then transferred 
to the Backwash/EQ basin via gravity. This approach eliminates FTW control valves at each filter 
and dedicated FTW piping to the Backwash/EQ basin. CDM Smith has used the double block and 
bleed approach as part of FTW systems in other states and a similar FTW approach, using the 
backwash header, has been used at other water treatment plants in Colorado. This method will be 
discussed and verified with CDPHE at subsequent design stages.
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Figure 4-32: Process Building Section View of Filter Maintenance Gallery

4.7 Post-Filter Chlorination
This section presents an evaluation of design alternatives (chlorine contact basin vs. finished 
water storage tank) for meeting chlorine contact time requirements for primary disinfection 
based on the multi-barrier disinfection strategy discussed in Section 3.

4.7.1 Treatment Objectives and Approach
Design Alternatives
Two disinfection design alternatives were evaluated to meet chlorine contact time requirements 
for primary disinfection.

 Alternative 1 (Separate CCB and FW Storage Tank). This alternative includes two 
parallel chlorine contact basins (CCB) located at the north end of the Phase 1 treatment 
module and a 3 mg  finished water storage tank, located further north on the plant site.  The 
CCBs  includes serpentine “around-the-end” baffles to improve plug-flow hydraulics.  
Assuming a baffle factor of 0.7, T(10) of 46 minutes and HDT of 66 minutes, a basin volume 
of 730,000 gallons per basin is required to meet chlorine CT requirements at design flow.  
The addition of two parallel CCBs would increase the length of the Phase 1 treatment 
module by at least 60 ft. The 3 mg finished water storage tank (FWT) will provide a storage 
volume equivalent to 10% of plant design flow. Water levels in the tank will be allowed to 



Section 4    Water Treatment Processes
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 4-59

vary to meet  distribution system demands; no storage allowance is provided in the tank for 
chlorine disinfection contact time and CT credit.

 Alternative 2 (FW Storage Tank without CCB).  This alternative provides chlorine 
disinfection inside the 3 mg finished water storage tank, eliminating the need for a separate 
CCB and decreasing the footprint of the Phase 1 treatment module.  Chlorine is added in the 
filtered water pipeline at the north end of the Phase 1 treatment module with chlorine 
residuals monitored at the outlet of the FWT prior to ammonia addition for chloramination 
in the distribution system. The FWT includes three interior baffles to improve flow patterns 
in the circular tank and minimize stagnant zones (see Figure 4-31).  The baffle 
configuration will be further refined based on CFD modeling results in the  final design 
phase. Assuming a baffle factor of 0.5 (default factor for baffled circular tanks), T(10) of 46 
minutes and HDT of 92 minutes, a basin volume of 2,000,000 gallons (i.e., approximately 
two-third volume of the 3 mg tank) is required to meet chlorine CT requirements at design 
flow.  Water levels in the tank will vary to meet system demands, while maintaining a 
minimum storage volume for chlorine contact time and CT disinfection credit.
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Figure 4-33. 3 MG Finished Water Storage Tank with Flow Diversion Baffles

4.7.2 Recommended Alternative
Table 4-22 presents a comparison of design and operational features of Design Alternatives 1 
and 2.  While these alternatives offer both common and unique benefits, Alternative 2 is preferred 
for implementation because it will provide a post-filtration chlorine disinfection barrier in the 
FWT to meet multi-barrier disinfection goals and/or coliform bacteria concentrations, without 
significantly impacting finished water storage, and can be constructed at a significantly lower cost 
than a separate CCB structure.

Table 4-22. Technical Comparison of Chlorine Contact Basin and Storage Tank Design Alternatives

Alternative 1—Separate CCB and Finished Water 
Storage Tanks

Alternative 2—Integrated Chlorine Disinfection 
Process in Finished Water Storage Tanks

Chlorine CT monitoring and control part of treatment 
module operations

Chlorine CT monitoring and control part of FW storage 
operations

Fixed CCB volume for setting required Cl2 dose for 
disinfection credits

Minimum tank volume required for disinfection credits; 
reduces total tank volume available to meet system 
demands

Requires hypochlorite (upstream of CCB)and ammonia 
(downstream of CCB) for free chlorine disinfection credit 

Requires hypochlorite (upstream of tank) and ammonia 
(downstream of tank) for free chlorine disinfection 
credit; both chemicals added upstream of tank for 
chloramine secondary disinfection when ozone used for 
primary disinfection

CCB chemicals routed within treatment module footprint CCB chemicals routed through yard piping to FW storage 
tanks

Totalized filter flow meters can be used for CCB dose 
pacing

Additional flow meters or weirs required for splitting 
flows to two or more parallel tanks
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Alternative 1—Separate CCB and Finished Water 
Storage Tanks

Alternative 2—Integrated Chlorine Disinfection 
Process in Finished Water Storage Tanks

Chlorine (in CCB), ozone and filters provide multi-barrier 
disinfection capability for public health protection 

Chlorine (in tanks), ozone and filters provide multi-
barrier disinfection capability for public health 
protection 

Chlorine (in CCB) provides year-round primary 
disinfection credit with ozone or back-up disinfection to 
ozone during power outages

Chlorine (in tanks) provides back-up disinfection to 
ozone, as needed, during startup of ozone system 
and/or power outages

Increases treatment module footprint by 25%  Decreases treatment module footprint by 25%  
Treatment module occupies more space on plant site, 
impacting overall site layout

Treatment module occupies less space on plant site with 
no impacts to overall site layout

Highest construction cost Lowest construction cost

4.7.3 Process Design Criteria
Table 4-23. Finished Water Tank and Storage Requirements

Criteria Value
Finished Water Tank

Type Circular, Prestressed 
Concrete

Number of Tanks
1 (Phase 1)
2 (Phase 2)

Height, ft 30
Diameter, ft 143
Effective Volume, gal 3,000,000
Maximum Sidewater Depth, ft 25
Inlet Pipe Diameter, in 60
Outlet Pipe Diameter, in 60

Baffle System
Type Serpentine
Number of Baffles 3

Baffle Factor 0.5 (assumed)

Materials of Construction Shotcrete
Storage Requirements

Storage Volume for CT Disinfection at Design Flow, gal 2,000,000

Storage Volume for CT Disinfection at Average Flow, gal 600,000

Storage Volume for CT Disinfection at Minimum Flow, gal 200,000

Storage Volume for Pump NPSH, gal 110,000
1 Baffle factor to be revisited in final design based on CFD modeling of finished water tank.
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4.8 Biostability
After the treated water is disinfected and discharged with a disinfection residual, the treated 
water should inhibit biological activity in the distribution system.  This condition is called 
biological stable.  After treatment, biological stability of distributed water is necessary to avoid 
long-term operational issues (“An Operational Definition of Biostability for Drinking Water” 
LeChevallier et al. 2015). Examples of some of these challenges include:

 Elevated microbial regrowth resulting in increased heterotrophic and/or coliform bacteria 
concentrations.

 Bacteria attaching to surfaces within the system, leading to biofilm growth that is more 
resilient to disinfectant and releases planktonic cells.

 Biological nitrification of ammonia that will lead to accelerated loss of chlorine residuals 
and increased nitrite levels.

 Loss of disinfectant residual due to more biological uptake in the system.

Factors that impact biostability include treated water quality and disinfectant practices, as well as 
operational parameters such as pipe material and age, distribution system maintenance, 
hydraulics (e.g., flow velocity and hydraulic shear on surfaces from high velocity). Treated water 
quality parameters include temperature, disinfectant residual stability, biodegradable organic 
matter (BOM), and nutrients. Based on a statistical analysis of full-scale field monitoring studies, 
LeChevallier et al. (2015) identified three measures of water stability:

 Disinfectant residual variability in the distribution system as it is consumed by organics 
and increased microbial growth.

 Changes in corrosion rates due to varying pH and alkalinity.

 Biofilm formation rates measured as bacterial growth on a coupon over a duration of two 
weeks.

In each case, minimizing the metric improves the biological stability of the finished water. 
Temperature and disinfectant residual were shown to have the larger impacts on the three 
stability measures (LeChevallier et al. 2015).  Other operational practices that can improve water 
stability include decreasing water age in the distribution system, improving corrosion control via 
pH and alkalinity adjustment, and improving organic carbon removal that can be measured by 
biodegradable and assimilable organic matter levels.

4.8.1 Biodegradable Organic Matter (BOM)
Typically, BOM is measured with respect to its carbon content including dissolved organic carbon 
(DOC) and total organic carbon (TOC). For longer term decisions, biodegradable organic carbon 
(BDOC) and assimilable organic carbon (AOC) can be measured, but is time-intensive and 
expensive. BDOC is the fraction of DOC that is degradable by a microorganism. AOC is the fraction 
of DOC that is used by bacteria to produce biomass. Regarding biostability, low AOC waters are 
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correlated to minimal biological activity in the distribution system. Therefore, treatment 
processes that decrease AOC, such as biofiltration, tend to improve biostability.

4.8.2 Biofiltration and Ozonation
Biofiltration occurs when biofilm grows on filter media and has been shown to effectively reduce 
AOC and BDOC for potable water treatment. The rate of biomass acclimation and performance of 
a biofilter is dependent on several factors, including temperature, pH, empty bed contact time 
(EBCT), preoxidation, and the type of filter media. The performance drivers and their impacts are 
summarized in Table 4-23.

Table 4-24. Biofilter Performance Drivers and their Impact (Table 1-2 from Brown et al. 2020)

Performance Driver Impact Treatment Management Options
Temperature Biofilm formation rate, biological 

activity, contaminant removal
None, water temperature cannot be 
controlled

pH Biological activity and 
contaminant speciation/removal

Addition of acid or base chemical

EBCT Contaminant removal EBCT will vary from 4 – 20 minutes operate 
all the filters to reduce filtration rate and 
increase EBCT

Preoxidation with free 
chlorine, ozone, chlorine 
dioxide

Biodegradability, contaminant 
removal, and hydraulic 
performance

Ozone preceding filtration and increasing 
dosage

Media: sand, anthracite, GAC, 
synthetic media (glass or 
ceramic)

Contaminant removal, biological 
activity

Granulated activated carbon (GAC) to 
remove trace organic compounds and other 
contaminants through absorption and then 
reduction using biodegradation

Biofiltration is commonly preceded by ozonation to improve the removal of contaminants like 
natural organic matter, trace organic contaminants, inorganics (e.g., dissolved manganese) and 
taste and odor compounds. In a literature review of 108 biofilters, Terry and Summers (2018) 
developed predictive models to quantify TOC removal based on EBCT, temperature, and 
ozonation. For biofiltration, high temperature, ozonated water have the highest expected TOC 
removal. Granulated activated carbon (GAC) had similar biological removal of DOC as anthracite 
in some studies but had other advantages:

 More removal of DBP precursors via adsorption by GAC media.

 Removal of trace organic compounds via adsorption by GAC media.

 Additional contaminant removal during the biofilter ripening period via adsorption by GAC 
media.

 More resilient and adaptable to shocks such as lower temperatures, pre-chlorination and 
chlorinated backwashes.
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4.8.3 Results of Water2025 Pilot Testing
Using settled water from Northwest Water Treatment Facility (NWTF), three biofiltration 
analyses were performed: non-ozonated water with anthracite, ozonated water with anthracite, 
and ozonated with GAC. As expected, each biofilter had lower AOC concentrations than the settled 
water (i.e., the baseline), suggesting improved biostability due to biofiltration. The ozonated 
biofilters performed better than those without pre-biofiltration ozonation and the ozonation 
GAC-based biofilter had the lowest AOC concentrations.

4.8.4 Recommendations 
The literature review and pilot testing indicated that ozone-biofiltration is an effective way to 
remove not only TOC and taste and odor compounds, but also is effective at removing assimilable 
organic carbon (AOC) and improving the biostability of treated water. If ozone-biofiltration is 
implemented at the Water2025 WTP (WTP), it is expected that the overall biostability of finished 
water would improve when blended finished water from NWTF and Semper. Moreover, because 
the City’s raw water supplies have relatively low organic carbon content and mild water 
temperatures, biostability risks are likely lower than many other water supplies.

4.8.4.1 Recommended Long-Term Sampling Program
To characterize the biostability of the distribution system, we recommend the following sampling 
practices over the next one to two years:

 Monitor biofilm formation rate at the effluent of Semper WTP and the NWTF and compare 
to the formation rate of the steady-state operation of the pilot system using the selected 
media design for the Water2025 WTP. This will require steel coupons to be submerged in 
water, usually into pipe loops, for two weeks and an adenosine triphosphate (ATP) test kit 
for measure the biofilm formation.

 Additional data can be collected with quarterly AOC sampling the effluent of Semper WTP, 
NWTF, the pilot, and at several points in the distribution system. These sampling locations 
should be selected to be representative of varying water age in the system and with 
different blends of Semper WTP, NWTF, and the Water2025 WTP supply areas. This will 
require AOC bioassay test kits to measure the carbon that can be used to produce biomass.

 Continue to monitor distribution system nitrification by measuring free ammonia, nitrite 
and nitrate levels at varying locations in the system. 

4.8.4.2 Considerations for Plant Startup
The startup and optimization of biofiltration at the Water2025 WTP should begin after the 
following steps are complete: 

 Equipment installation and checkout.

 Full facility hydraulics testing.

 Full facility control testing.
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 Disinfection following AWWA standards (including AWWA C653) and anthracite are 
to be installed prior to disinfection.

 GAC is not to be installed until after disinfection.

Once these steps are completed, the GAC can be installed and the biofilter acclimation process can 
begin. If GAC media is selected, the filter will remove organic compounds via adsorption as the 
biofilm is forming, providing an additional treatment barrier during startup. The Phase 1 design 
includes an injection point for chemical feed of hydrogen peroxide to the filters for chemical 
cleaning if required. Note that hydrogen peroxide does not need to be permanently installed. 
Biofilters should be acclimated using the ultimate water to be supplied to the system. This means 
if ozone is included upstream of filtration, ozonated water should be supplied using the selected 
operational criteria for long-term operations. Operating the biofilters following the long-term 
operations approach encourages the growth of the biological population that will maximize 
treatment benefits for the Water2025 WTP. For additional recommendations on the startup of 
biofilters, see Startup and Troubleshooting in Brown et al. 2020.

4.9 Corrosion Control
The current Lead and Copper Rule (LCR), established in 1991, requires designated response 
actions, including optimal corrosion control treatment (OCCT), lead service line replacement 
(LSLR), increased tap sampling, and public education. The CDPHE adopted the USEPA LCR 
directly in 2016.

4.9.1 Revised LCR
The proposed LCR revisions propose new trigger and action levels as of December 2020. The 
USEPA is currently evaluating these proposed revisions and it is expected that CDPHE will readily 
adopt any new requirements from the EPA shortly after finalization. The basis of design was 
defined by the levels as seen in Table 4-24.

Table 4-25. Proposed Response Actions for Trigger Level and Action Level Exceedance

Status 90th Percentile 
Lead Level Response Actions

Action Level Exceedance >15 ppb
 Tap Sampling:  Standard monitoring every 6 months
 OCCT:  Implement or re-optimize treatment
 LSLR: Full replacement at 3% per year

Trigger Level Exceedance >10-15 ppb
 Tap Sampling:  Standard monitoring every year
 OCCT:  Conduct OCCT study or re-optimize treatment
 LSLR: Full replacement at goal rate

Below Trigger Level <10 ppb

 Tap Sampling:  Reduced monitoring every 3 years if no 
LSLs are present 

 OCCT:  Maintain treatment and water quality parameters 
(WQPs)

 LSLR: Voluntary
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4.9.2 Proposed Compliance Strategy
The proposed compliance strategy only considers LCR revisions that directly impact design 
considerations for the new treatment facility. This includes pH optimization, sampling, and design 
considerations. For the new treatment facility, the same source water, Standley Lake, will 
continue to be used. The new treatment plant does not propose changes in water quality in terms 
of corrosion control. The proposed optimized corrosion control strategy will be similar to Semper 
WTP, that is to maintain a stable finished water pH and neutral to slightly positive Langelier 
Saturation Index (LSI) (see Table 4-25).

Table 4-26. Corrosion Control Criteria

Analyte Operational Range Possible Future Adjustments
Finished Water pH >8.5 ± 0.3 leaving WTP Decrease pH range to ± 0.2 leaving WTP

LSI 0.0 – 0.1

Hydrated lime, Ca(OH)2, will be added to the raw water to raise the pH and alkalinity ahead of 
flocculation and sedimentation. Sodium hydroxide, NaOH, will be added after ozonation or at the 
outlet of finished water storage to make final pH adjustments to the finished water as needed (see 
Section 5 for chemical feed system design). 

4.9.2.1 Design Considerations
At this time, phosphate-based corrosion inhibitors are not used at the Semper WTP or NWTF. 
However, it is possible that corrosion inhibitors may be needed to control lead/copper release 
and prevent corrosion throughout the distribution system in the future. Orthophosphate 
(typically in the form of phosphoric acid) is a commonly applied corrosion inhibitor at a dose of 2 
to 3 mg/L as phosphate. The design for the new facility will allow for additional space in the 
storage and feed for a spare chemical feed system, to potentially be used for future phosphoric 
acid or other corrosion inhibitors. If corrosion inhibitor chemical is added, which may be acidic, 
operations will need to account for the associated pH impacts through the treatment process, 
including increasing doses of hydrated lime or sodium hydroxide.

4.10 Monitoring and Sampling Evaluation
Minimum CDPHE requirements for sampling and monitoring at the WTP are:

1. Raw water and treated water flow metering for sources and treatment.

2. Description of water quality sampling locations, the purpose and parameters being 
measured at the identified locations, and the means for feedback to operators (e.g., 
chlorine residual and turbidity compliance with Regulation 11, pH to monitor 
coagulation process via grab sample, online monitoring).

Raw water and treated water flow monitoring are provided and a description of the sampling 
locations and parameters are provided in the following sections.
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4.10.1 Introduction and Approach
There are three general categories of sampling and monitoring associated with operation of the 
water treatment plant.  The first is data required for regulatory compliance, the second is 
operational or performance monitoring to efficiently maintain reliable and consistent water 
quality and flow rate, and the third is health and safety monitoring to protect WTP staff, visitors 
and the general public near the WTP.  Some of the data are applicable to all or two of the 
categories, but generally more data are required for WTP performance monitoring than 
compliance monitoring.  

Each category can also be divided into data that change gradually and are monitoring periodically 
and data that can change quickly and are monitored continuously using on-line instrumentation, 
hourly or daily using grab samples or manual data collection.  The frequency data are required 
can determine if the sampling and monitoring is a continuous on-line instrument, on-line 
instrument processing discrete samples, off-line instrument used to analyze grab samples or 
period grab samples sent to a laboratory for testing.  The WTP control system will also monitor 
and gather a data related to equipment operation that may indirectly be used for performance or 
compliance monitoring, such as failure of a hypochlorite metering pump used in the disinfection 
process, but this monitoring is included in the instrumentation and controls section and 
individual equipment design criteria.  

The modified process flow diagram shown in Figure 4-32 provides the framework for the 
overview of the sampling and monitoring requirement presented in the following sections.

Figure 4-34. Compliance Sampling and Monitoring Plan
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4.10.2 Regulatory Compliance Monitoring
Regulatory compliance monitoring begins with assessing the fundamental raw water 
characteristics of pH, TOC, temperature and turbidity and the secondary parameters of iron, 
manganese, hardness, conductivity, algae and taste/odor threshold (TON) that indicate it is 
consistent with the water source and quality intended for treatment by the new 2025 WTP.  
Significant variation from the expected parameters indicate there could be a problem in the raw 
water supply that will require modification of the treatment parameters.   The routine raw water 
quality data should also be correlated to the long-term water quality monitoring of the raw water 
supply for the primary and secondary drinking water standards, which include dissolved 
inorganic contaminants such as nitrates/nitrites, metals, synthetic organic compounds (SOCs) 
such as PCBs and herbicides, volatile organic compounds (VOCs) solvents and fuels, radionuclides 
and pathogenic organisms such as giardia, cryptosporidium and fecal coliforms.  Continuous on-
line instruments will be provided for raw water pH, temperature, specific ultraviolet light 
absorbance (SUVA) and turbidity.  SUVA will be used as a surrogate for TOC for routine water 
quality monitoring, and will be correlated to TOC data from lab samples.

Other raw quality data (iron, manganese, hardness) will be determined by WTP staff analyzing 
grab samples using benchtop testing equipment such as colorimetric test units (e.g. HACH 
DR3900), or qualitative analysis of samples for TON, algae and color.  A raw water sample will be 
routed to a water quality test bench initially, and to the certified laboratory when the 
Administration Building is constructed in the future.

Objectives of the water quality tests at each location are:

A – Calculate the amount of TOC that needs to be removed to comply with the LTI treatment 
requirements, which depends on TOC and alkalinity.

B & H – Measure chlorine residual if pre-treatment disinfection credits are requested.

C – Measure ozone residual concentration, pH and temperature for disinfection credits.

D – Document continuous individual filter water turbidity for compliance with LT1 filtration 
requirements.

E – Measure free chlorine residual for process control and calculating chlorine demand.

F – Measure free chlorine residual for calculating disinfection credits.  Alkalinity and pH for 
optimized corrosion control.

I – Measure total chlorine/chloramine residual to document minimum disinfection residual 
discharge from WTP and process control to maintain minimum residual in the distribution 
system.

H - Reclaimed backwash water turbidity to avoid upset of the pre-treatment processes.

Compliance with DBP regulations is based on quarterly sampling of critical locations in the 
distribution system, however, monitoring of THMs and HAAs after free chlorine residual is 
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converted to chloramines is recommended to manage and minimize DBP formation in the WTP 
processes.

Future trends that could impact compliance with DBP regulations are poorer treated water 
quality due to changes in the raw water supply that increase treated water TOC and chlorine 
demand and the increases in chlorine residual leaving the WTPs to maintain the minimum 
residual in the distribution system.  Changes in raw water quality could also result from droughts 
and wildfires that will increase the raw water TOC or chlorine demand.

The EPA is also considering potential revisions to the microbial and disinfection byproduct rules 
as a result of the mandated six-year review of the National Primary Drinking Water Regulations 
(NPDWR).  This review considered new information related to public health risks, treatment 
technologies and system operations to identify NPDWRs for potential updates or revisions.  Data 
identified an increased risk of microbial contamination associated with opportunistic organisms 
such as Legionella, nontuberculosis mycobacteria (NTM) and Pseudomonas aeruginosa.  These can 
be associated with increases in heterotrophic bacteria and biofilms in the distribution system 
downstream of final disinfection, and as a result EPA may consider increasing the minimum 
disinfection residual concentrations in the distribution system.  Increasing the disinfection 
residual to reduce the microbial risk could impact DBPs, so the surface water treatment rule 
(SWTR) and Long Term Enhanced SWTR (LT1) could also be updated or revised.  EPA identified 
the following eight NPDWR as potential candidates for revision: Chlorite, Cryptosporidium, 
Haloacetic acids, heterotrophic bacteria, Giardia lamblia, Total Trihalomethanes, and viruses, and 
this could impact the monitoring requirements. There is also the potential that two currently 
unregulated DBPs, chlorate and nitrosamines would be added to the list of NPDWR, and be 
adopted by CDPHE for compliance monitoring.

The potential change in the regulations is uncertain, and adoption of any changes is not expected 
for several years. This would allow time for the City to evaluate and implement potential changes 
in water treatment processes and disinfection practices to comply with the revised regulations 
such as enhanced coagulation and pH adjustment.

4.10.3 Water Treatment Performance Monitoring
In addition to compliance monitoring, the WTP operations staff will need to monitor other water 
quality and physical parameters throughout the water treatment process to maintain consistent 
and reliable water quality and production.  Although the data are not submitted to CDPHE, the 
trends and absolute values are used to alert the operators to potential problems that could result 
in the production of non-compliant water or water that does not meet the goals of the 
Westminster Water Department.  A summary of performance monitoring data and how the 
information is used by the operators follows:

1. Raw Water/Coagulated Water streaming current or zeta potential – optimize coagulant 
dose for improved settled water quality.

2. Raw water dissolved iron and manganese concentration – Optimize pre-treatment 
oxidation process (sodium permanganate).
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3. Raw water conductivity.

4. Jar tests for optimizing coagulant dose.

5. Algae and algal toxins and metabolic by-products (MBPs)- Optimize pre-oxidants and 
ozone dose.

6. Settled water ozone demand - raw water quality or efficacy of coagulation process.

7. Ozone contractor discharge ozonated water residual, Assimilable Organic Carbon 
(AOC), (Biofiltration monitoring parameters), dissolved oxygen (DO) concentration.

8. Unit Filter Run Volumes (UFRV) – effectiveness of pre-treatment process.

9. Specific headloss accumulation rates or normalized headloss accumulation rate – 
effectiveness of pre-treatment, filter aid dosage, backwashing efficiency.

10. Filtered water chlorine demand and SUVA – impacted by raw water quality, efficacy of 
coagulation and ozone processes.

11. Filtered Water Assimilable Organic Carbon (AOC), HPC – effective biofiltration.

12. Filtered water calcium – calculate calcium carbonate precipitation potential (CCPP) for 
optimized corrosion control.

13. THMFP - raw water quality, efficacy of coagulation and ozone processes.

14. Settled water turbidity and total suspended solids – optimize clarification process and 
minimize solids carryover to the filters.

15. Clarifier solids volume and percent solids.

16. Reclaimed backwash water TOC, TSS, pH, alkalinity – Minimize impacts of recycling 
backwash water to the raw water inlet.

17. High Service pumps station discharge total dissolved solids (TDS)- monitor the TDS 
increase across the WTP to assess the impact of chemical addition processes.

The primary factors affecting the treated water quality are:

 Raw water quality.

 Coagulation chemical dose.

 Flocculation mixing and gradient.

 Ozone dose.

 Filter aid dose.
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 Hypochlorite dose.

 WTP Flow rate and unit process loading.

Many of the operational parameters will be trended using the SCADA system, and used to 
correlate operational data to treated water quality.
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Section 5
Chemical Systems

This section presents recommendations for chemical storage and feed systems for the Water2025 
WTP (WTP) under the Water2025 Project. The following information is presented for the 
Primary, Alternative, and Future Chemicals:

 Colorado Department of Public Health and Environment (CDPHE) chemical systems design 
criteria.

 Recommended chemicals and application points.

 Process design criteria.

 Major equipment.

 System descriptions.

 Preliminary site layout.

The proposed ozone system for the Water2025 WTP is discussed in Section 4.

5.1 Primary Chemicals
Primary chemicals are characterized as chemicals used during normal plant operations and when 
ozone is in effect for primary disinfection.

5.1.1 Treatment Objectives and Approach
Table 5-1 lists all recommended Primary chemicals and their principal uses. Figure 3-1 also 
indicates each application points categorized as primary, alternative, and future.

5.1.1.1 Treatment Objectives
Table 5-1. Recommended Primary Chemicals and Their Principal Uses

Chemical 
Category Chemical Principal Use

Sodium permanganate Preoxidation
Ferric chloride Coagulation
Calcium hydroxide (hydrated lime) pH and alkalinity adjustment
Calcium thiosulphate (CaTs) 1 Ozone residual quenching
Sodium hydroxide pH adjustment
Sodium hypochlorite

Primary

Liquid ammonium sulfate (LAS)
Chloramine formation for distribution system residual

1 Sodium bisulfite or sodium metabisulfite can also be provided as the primary quenching agent in lieu of CaTs.
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5.1.1.2 CDPHE Chemical Systems Design Criteria
Chapter 5 of the State of Colorado Design Criteria for Potable Water Systems: Water Quality Control 
Division Safe Drinking Water Program Implementation Policy #5: Effective December 15th, 2017, 
herein referred to as the CDPHE design criteria, states that all chemicals used to treat water must 
be approved by the CDPHE and adhere to the criteria listed below.

 All plans and specifications must be submitted for review and approval, and include:

 Descriptions of feed equipment

o Maximum and minimum feed ranges in gph.

 Location of feeders, piping layouts, and application points.

 Storage and handling facilities.

 Operating and control procedures including proposed application rates.

 Description of testing equipment.

 Systems including all tanks, feeders, transfer pumps and piping, valves, points of 
application, backflow prevention devices, air gaps, secondary containment, and 
safety eye washes and showers as applicable.

Table 5-2 describes CDPHE design criteria that are relevant to the specific Primary chemical 
systems recommended for the Water2025 WTP.
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Table 5-2. CDPHE Design Criteria Guidelines

Item Specific Chemical CDPHE 
Section Notes

Calcium Hydroxide Acids and caustics must be kept in closed corrosion-resistant 
shipping containers or bulk liquid storage tanks.

Sodium Hydroxide Acids and caustics must not be handled in open vessels.  Acids and Caustics 

Hydrogen Peroxide

5.4.2 a-c

Acids and caustics must not be stored together. 
Must be stored in original shipping containers or compatible 
bulk liquid storage tanks.
Tanks must be located out of direct sunlight in a cool area 
and must be vented to outside of the building.
Where dilution is required, treated water, deionized or 
softened water must be used.
Positive displacement pumps with hypochlorite compatible 
materials for wetted surfaces must be used.
Small diameter suction lines must be used with foot valves 
and degassing pump heads.
Flooded suction applications must be designed with pipe 
work arranged to ease escape of gas bubbles.
Calibration tubes or mass flow monitors for direct physical 
checking of feed rates must be provided.

Hypochlorite Sodium Hypochlorite 5.4.4 a-b

Injectors must be removable for regular cleaning while the 
system remains in operation.

Ammonia Liquid Ammonium 
Sulfate 5.4.5.1

Ammonium sulfate can be supplied as a liquid solution or 
solid. Mixing, feed, and storage must be enclosed and 
separated from other operating areas.

5.1.1.3 Primary Chemical Applications
Sodium Permanganate

A 20 percent sodium permanganate solution will be added to the raw water for preoxidation at 
the first-stage rapid mix for each process train. The chemical will be mixed with an inline static 
mixer. The inline static mixers and chemical injection quills will be located on the raw water 
pipelines in the lower-level pre-treatment gallery of the process building.

Ferric Chloride

A 40 percent ferric chloride solution will be added to the raw water as the primary coagulant in 
the second-stage rapid mix for each process train. Each second-stage rapid mix basin will have a 
vertical turbine mixer used for flash mixing the ferric chloride.

Calcium Hydroxide

A 96.8 percent calcium hydroxide (“hydrated lime” or ”lime”) will be added for pH adjustment in 
the third-stage rapid mix for each process train. The hydrated lime will be delivered as a dry 
granular solid, stored in silos, and transferred to liquid lime slurry tanks using augers where the 
solid lime is mixed with water. The slurry will flow by gravity through sluices and drop into the 
top of the third-stage rapid mix basins. Each third-stage rapid mix basin will have a vertical 
turbine mixer used for mixing the hydrated lime.
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Calcium Thiosulfate

A 30 percent calcium thiosulfate (CaTs) solution will be added to each process train for ozone 
residual quenching. Mixing pumps located in the lower-level ozone cross-gallery will draw water 
from the ozone contactors just upstream of the discharge chamber. CaTs will be injected into the 
discharge piping of the mixing pumps, and then discharged through diffusers across  the opening 
into the  outlet chambers of the ozone contactors.

Alternatively, sodium bisulfite (SBS) can be used instead of CaTs as the primary quenching agent 
of ozonated water. There will be one chemical storage room and delivery system dedicated to 
whichever quenching agent is selected.

Sodium Hydroxide

A 25 percent sodium hydroxide (”caustic”) solution will be added to each process train for pH 
adjustment prior to biofiltration. In the same manner as calcium thiosulfate injection, caustic will 
be injected into the discharge piping of the mixing pumps, and then discharged through diffusers 
into the baffled outlet chambers of the ozone contactors that will provide responsive trim control 
for pH adjustment with about 30-60 seconds reaction time.

Sodium Hypochlorite

A 12.5 percent sodium hypochlorite solution will be added after biofiltration, and followed by the 
addition of liquid ammonium sulfate (either before or after the finished water tank) to minimize 
DBP formation and form chloramines for residual disinfection. An injection quill will be installed 
in the filtered water header of each process train. The filtered water headers for each process 
train will join into a common filtered water pipeline just downstream of the sodium hypochlorite 
injections. Flow from the two headers merging at the tee will provide mixing and dispersion of 
the sodium hypochlorite into the filtered water.

Liquid Ammonium Sulfate

LAS will be injected into the outlet chamber of the filter weir structure when ozone is used for 
disinfection and after the finished water storage tank if free chlorine is use for primary 
disinfection. The later application point provides a minimum of 4.1 minutes of free chlorine 
contact time and 0.5 log giardia and 4 log virus inactivation. The LAS will be discharged through a 
diffuser for mixing in the outlet chamber.

5.1.1.4 Lime Equipment
Storage and Conveyance of Solid Lime

One storage silo made of steel will be constructed during Phase 1 and will be located adjacent to 
the southern wall of the Phase 1 process building. During Phase 2, a second silo will be 
constructed adjacent to the southern wall of the process building.

The silos will be located at the southern end of the process buildings to minimize the distance 
that the solid lime is conveyed to the rapid mix decks.

The City currently receives 27 ton lime deliveries. Each silo shall be sized to store 40 tons of 
hydrated lime. Assuming a bulk density of 25 pounds per cubic foot (lb/ft3), the silos will have an 
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approximate diameter of 14 feet and height of 45 feet. The height includes the storage portion of 
the silo as well as a dust collector, bin activator, and conveyor hopper. If requested by the City, the 
silo height can be decreased by increasing the diameter. However, cost will likely increase with 
diameter. Transportation costs related to oversize loads and escorts should be considered. 
According to Chemco Systems, the largest factory assembled silo transported on a trailer is just 
over 15 feet in diameter. Silos with larger diameters would be pre-rolled at a manufacturer’s 
facility, shipped in sections, and assembled onsite.

Lime will be pneumatically offloaded from delivery trucks to the silos. The silos will have a 
pantleg split discharge, with each discharge containing a bin activator and transfer auger.  Each 
transfer auger will feed a flexible screw conveyor that will carry lime up to the slurry tanks 
located adjacent to the third-stage rapid mix basins.

A scale will monitor the weight of lime available in each silo and provide the SCADA system the 
ability to determine the volume remaining. Available lime can also be monitored via a level 
sensor. For redundancy, low- and high-level switches can also be installed if desired.

Lime Slurry Tanks and Sluices

The flexible screw conveyors will deposit solid lime into the slurry tanks located on the deck of 
the pre-treatment gallery. There will be one lime slurry tank dedicated to each process train, 
Interconnection of the lime slurry sluices will be considered in future design phases. This 
interconnection would provide the capability of supplying lime to both third stage rapid mix 
basins from either lime slurry mixing tank. A mixer located in each tank will mix the lime with 
plant water. The lime slurry will overflow from the mixing tanks into an open channel sluice. The 
sluice will discharge lime slurry into the third-stage rapid mix basin directly above the vertical 
turbine mixer. The sluices will be connected so that any lime slurry mixing tank can feed any 
process train.

The rate at which lime is mixed into the slurry tanks and deposited into the third-stage rapid mix 
basins is controlled by the speed of the flexible screw conveyors. Note that the slurry tanks are 
only to mix the lime with water to reduce dust and facilitate rapid mixing. Hydrated lime does not 
need to be slaked, so the size of the slurry tanks can be much smaller.

5.1.1.5 Recommended System Components 
All primary chemical tanks will be constructed of high-density crosslinked polyethylene (XLPE) 
except for the Lime silo which will be constructed of steel, and the liquid ammonium sulfate 
which will be housed in HDPE tanks. Tanks will be sized for a storage capacity of 15 days storage, 
or 1.2 truckloads (assuming 4,500 gallon tanker trucks, or 44,000 lbs per truck when the specific 
gravity of the chemical is greater than 1.2), depending on which sizing criteria dictates the larger 
capacity.

The metering pumps be diaphragm type, with variable speed motors, and adjustable stroke 
lengths, except for Sodium Permanganate which will be fed via peristaltic pumps.
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It is recommended that sodium hydroxide be fed into the head of the sedimentation basins to 
prevent over-dosing of caustic before filtration, and at the post ozone chamber with a reaction 
time component. Responsive trim control for pH adjustment of approximately 30-60 seconds will 
be provided. Liquid ammonium sulfate will be added for chloramine formation for secondary 
disinfection.

5.2 Alternative Chemicals
5.2.1 Treatment Objectives and Approach
This section provides a description of the alternative chemical applications. Table 5-3 shows all 
chemical application points categorized as alternative.

Alternative chemicals are defined as chemicals utilized in locations other than their primary 
application points, or chemicals that are not typically used during normal operations. These 
chemical applications may be in addition to, or in lieu of, a primary chemical application.

5.2.1.1 Treatment Objectives
Table 5-3. Recommended Alternative Chemicals and Their Principal Uses

Chemical 
Category Chemical Principal Use

Aluminum chlorohydrate (ACH) Alternative coagulant

Hydrogen peroxide manage extracellular polymeric substances (EPS) in biofilters & 
Alternative quenching agent

Sodium Hydroxide manage extracellular polymeric substances (EPS) in the 
biofilters

Sodium Hypochlorite used in lieu of hydrated lime for pH adjustment in third-stage 
rapid mix

Liquid Ammonium Sulfate form chloramines for secondary disinfection

Alternative 

Calcium Thiosulfate chloramine residual quenching in the backwash supply

5.2.1.2 Treatment Objectives
Aluminum Chlorohydrate

The WTP will have the ability to utilize a 50 percent aluminum chlorohydrate (ACH) solution as 
an alternative coagulant. If desired for future operations, ACH can be used in lieu of ferric chloride 
as the coagulant in second-stage rapid mix. ACH would be mixed by the vertical turbine mixers 
provided in the second-stage rapid mix basins.

ACH can also be added to the ozone outlet chamber to serve as a filter aid. The ACH will be 
injected into the discharge piping of the mixing pumps, and then discharged through diffusers 
into the baffled outlet chambers of the ozone contactors.

Hydrogen Peroxide

The WTP will have the ability to inject a 35 percent hydrogen peroxide solution into the 
backwash supply to manage extracellular polymeric substances (EPS) in the biofilters. If desired, 
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hydrogen peroxide can be used in lieu of CaTs as the quenching agent for ozone. The hydrogen 
peroxide will be injected into the discharge piping of the mixing pumps, and then discharged 
through diffusers into the baffled outlet chambers of the ozone contactors.

Sodium Hydroxide

Sodium hydroxide can be used in lieu of hydrated lime for pH adjustment in third-stage rapid mix. 
The sodium hydroxide would be mixed by the vertical turbine mixers provided in the third-stage 
rapid mix basins.

The WTP will have the ability to inject a sodium hydroxide into the ozonated water for pH 
adjustment.  The sodium hydroxide will be injected into the discharge piping of the mixing 
pumps, and then discharged through diffusers into the baffled outlet chambers of the ozone 
contactors.

Sodium Hypochlorite

Sodium hypochlorite can be applied at the first-stage rapid mix basins and ozone outlet 
chambers.

 First-Stage Rapid Mix: Sodium hypochlorite can be added for pre-oxidation in lieu of 
sodium permanganate. The sodium hypochlorite would be mixed by in-line static mixers in 
the raw water pipelines.

 Ozone Outlet Chamber: Sodium hypochlorite can be added to the ozone outlet chambers 
to reduce filter bioactivity. The sodium hypochlorite would be injected into the discharge 
piping of the mixing pumps, and then discharged through diffusers into the baffled outlet 
chambers of the ozone contactors.

Liquid Ammonium Sulfate

A 40 percent liquid ammonium sulfate (LAS) solution can also be added at the weir control 
chamber to form chloramines for secondary disinfection. A diffuser will be installed in the weir 
control chamber for mixing. At design flow, there shall be a minimum of 30 seconds of sodium 
hypochlorite contact time prior to injection of LAS.

Calcium Thiosulfate

CaTs can be used for chloramine residual quenching in the backwash supply. This injection point 
would only be used if it was found that chloramine residual was affecting biofilter performance. 
Similar to primary use, sodium bisulfite (SBS) can be used instead of CaTs as the quenching agent.
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5.3 Future Chemicals
The chemical building will be designed with a spare room available for a future chemical. Three 
options for the future chemical include:

Nonionic Polymer:

The City will have the ability to utilize a nonionic polymer in the water treatment process. The 
specific nonionic polymer is yet to be determined. The nonionic polymer could be injected into 
the ozone outlet chamber to act as a filter aid.

Corrosion Inhibitor: 

At this time, phosphate-based corrosion inhibitors are not used at the Semper or Northwest 
WTPs. However, it is possible that corrosion inhibitors may be required in the future to control 
lead/copper release and prevent corrosion throughout the distribution system. Orthophosphate 
(typically in the form of phosphoric acid) is a commonly applied corrosion inhibitor. The future 
chemical room could be used for phosphoric acid or other corrosion inhibitors.

Sodium Bisulfite (NaHSO3):

Can also be provided as the primary quenching agent in lieu of Calcium Thiosulfate. Mixing 
pumps located in the lower-level ozone cross-gallery will draw water from the ozone contactors 
just upstream of the final weir. CaTs will be injected into the discharge piping of the mixing 
pumps, and then discharged through diffusers into the baffled outlet chambers of the ozone 
contactors.

5.4 Process Design Criteria
Process design criteria related to storage vessels, secondary containment, and metering pumps is 
described in Table 5-4 through Table 5-6 for all chemicals.

Table 5-4. Design Criteria for Storage Vessels

Item Units Criteria Notes
Storage Time at Maximum 
Flow & Average Dose Days 15 If chemical is locally available. 

Tanks: Storage Vessels per 
Chemical No.

2 in Phase 1
1 in Phase 2

If chemical is stored in tanks, there shall be two tanks 
installed in Phase 1 to provide redundancy (one 
vessel is acceptable for alternative chemicals, such as 
ACH). An additional tank will be installed in Phase 2 
so that each chemical has one redundant tank shared 
between the two Phases.  

Minimum Tank Volume as 
% Tanker Truck Delivery 
Volume

% 120 To ensure tanker truck can fully offload its delivery 
even when storage tank is not fully empty. 

Maximum Tank Diameter - -

Tank diameters impact required size of chemical 
storage room. 3-ft minimum clearances between 
tanks, and 8-ft minimum clearance from tanks to 
chemical room walls. 



Section 5     Chemical Systems
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 5-9

Table 5-5. Design Criteria for Secondary Containment

Item Units Criteria Notes
120 of largest storage vesselMinimum Chemical Spill 

Volume %
30 of total vessel volume per chemical

Minimum of Containment 
Volume Freeboard in 6 Freeboard required from top of spill level to top of 

containment sump
Minimum Fire Sprinkler 
Water Volume gpm/sf 0.2 for 20 minutes (equals ~ 6.5 inches)

Table 5-6. Design Criteria for Metering Pumps

Item Units Criteria Notes
Metering Pumps 

Duty Metering Pumps per 
Primary Application Point No. 1

Each chemical that has a primary or alternative 
application point in both Trains A and B shall have a 
duty pump dedicated to each train

Standby Metering Pumps 
per Chemical per Primary 
Application Type

No. 1

Each chemical shall have a standby metering pump 
that can serve either process train and/or a common 
process. Chemicals with multiple primary application 
types will have a standby pump for each purpose.

Maximum Turndown Ratio ratio 10:1
Recommended Net Positive 
Suction Head % 120 Of the NPSHr

The design criteria specific to each recommended chemical is provided on the following pages:

 Table 5-7 presents chemical properties.

 Table 5-8 presents chemical application locations.

 Table 5-9 presents chemical doses and usage.

 Table 5-10 presents chemical feed rates.

 Table 5-11 presents chemical delivery and storage requirements.
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Table 5-7. Chemical Properties

Chemical Active Agent
Specific 
Gravity

Bulk Density 
(lb/gal)

Solution 
Strength

Active 
Density 
(lb/gal)

Sodium permanganate NaMnO4 1.16 9.67 20% 1.93
Ferric chloride FeCl3 1.40 11.68 40% 4.67
Calcium hydroxide Ca(OH)2 2.34 19.52 96.8% 18.89
Calcium thiosulphate 1 CaS2O3 1.25 10.43 30% 3.13
Sodium hydroxide NaOH 1.22 10.17 25% 2.55
Sodium hypochlorite NaOCl 1.22 10.17 12.5% 1.27
Liquid ammonium sulfate (NH4)2SO4 1.23 10.26 40% 4.10
Aluminum chlorohydrate Al2(OH)5CL 1.30 10.84 50% 5.42
Hydrogen peroxide H2O2 1.13 9.42 35% 3.30
Nonionic polymer (TBD)

or
Corrosion inhibitor (TBD)

TBD

1 Sodium bisulfite can also be provided as the primary quenching agent in lieu of CaTs

Table 5-8. Chemical Application Locations

Chemical
Primary 

Application 
Location

No. of Primary 
Application 

Points per Phase

Mixing Type 
at Primary Application

Alternative 
Application 
Locations

Sodium permanganate RM1 2 In-line static mixer -
Ferric chloride RM2 2 Vertical turbine mixer -
Calcium hydroxide RM3 2 Vertical turbine mixer -
Calcium thiosulphate 1 PO 2 Mixing pumps and diffuser BW
Sodium hydroxide PO 2 Mixing pumps and diffuser RM3
Sodium hypochlorite F 2 Injection quill PO, RM1
Liquid ammonium sulfate WCC 1 Diffuser FWSO
Aluminum chlorohydrate - - - RM2, PO
Hydrogen peroxide - - - PO, BW
Nonionic polymer (TBD)
or
Corrosion inhibitor (TBD)

- - -
PO

WCC
1 Sodium bisulfite can also be provided as the primary quenching agent in lieu of calcium thiosulfate.
Notes: RM1- Rapid Mix Stage 1, RM2- Rapid Mix Stage 2, S- Settled Water, F- Filtered Water, PO- Post Ozone, BW- Backwash, 
WCC- Weir Control Chamber, FWSI - Finished Water Storage Inlet, FWSO - Finished Water Storage Outlet.
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Table 5-9. Chemical Doses and Usage

Plant 
Design 
Flow 

(MGD)

Average 
Active Usage 1 

(lbs/d)

Maximum 
Active Usage 1

(lbs/d)Chemical

Minimum 
Active 
Dose 

(mg/l)

Average 
Active 
Dose 

(mg/l)

Maximum 
Active 
Dose 

(mg/l)
Phase 1 / Phase 2

Sodium permanganate 0.05 0.1 0.5 32 / 64 27 / 53 133 / 267
Ferric chloride 7 7 10 32 / 64 1,868 / 3,736 2,669 / 5,338
Calcium hydroxide 2 15 30 32 / 64 4,003 / 8,006 8,006 / 16,013
Calcium thiosulphate 2 0.5 1.2 2.5 32 / 64 320 / 641 667 / 1,334
Sodium hydroxide 0.25 5 10 32 / 64 1,334 / 2,669 2,669 / 5,338
Sodium hypochlorite 2.5 3 5 32 / 64 801 / 1,601 1,334 / 2,669
Liquid ammonium sulfate 0.2 0.5 1.3 32 / 64 133 / 267 347 / 694
Aluminum chlorohydrate 3 3 5 32 / 64 801 / 1,601 1,334 / 2,669
Hydrogen peroxide TBD 5 10 0.9 / 1.8 3 38 / 75 75 / 150
Nonionic polymer (TBD)

or
Corrosion inhibitor (TBD)

TBD

1 Average active usage considers average dose at plant design flow. Maximum active usage considers maximum dose at plant 
design flow.

2 Sodium bisulfite can also be provided as the primary quenching agent in lieu of CaTs.
3 Daily backwash supply flow at plant design flow.

Table 5-10. Chemical Feed Rates for Phase 1

Process Train A or B 
Feed Pump (gph)

Common ProcessFeed 
Pump (gph) Turndown Ratio1

Chemical
Minimum / Maximum

Sodium permanganate 0.03 / 1.4 - 50:1
Ferric chloride 1.7 / 11.9 - 7:1
Calcium hydroxide 2 2.3 / 172 3 - 75:1
Calcium thiosulphate 4 0.2 / 4.4 - 25:1
Sodium hydroxide 0.1 / 21.9 - 200:1
Sodium hypochlorite 2.2 / 21.9 - 10:1
Liquid ammonium sulfate - 0.1 / 3.5 65:1
Aluminum chlorohydrate 0.6 / 5.1 - 8:1
Hydrogen peroxide - TBD / 19.1 5 TBD
Nonionic Polymer (TBD)

or
Corrosion inhibitor (TBD)

TBD

1 Turndown ratios > 10:1 will require multiple pumps.
2 Calcium hydroxide does not have feed pumps. Rather the transfer augers and screw conveyors will operate at the range 
provided.

3 Units are in pounds per hour, not gallons.
4 Sodium bisulfite can also be provided as the primary quenching agent in lieu of calcium thiosulfate.
5 Hydrogen peroxide feed rates are based on an instantaneous backwash supply flow of 18.1 MGD.



Section 5    Chemical Systems
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 5-12

Table 5-11. Chemical Storage Vessels

After Phase 1 After Phase 2

Chemical

Required Onsite 
Storage 1

(gal)
Phase 1 / Phase 2

Storage 
Type 2

Minimum 
Tank 

Volume 3 

(gal)

Selected 
Vessel 

Volume 4 

(gal)
Number 

of 
Vessels

Total 
Storage 
Volume 

(gal)

Number 
of 

Vessels

Total 
Storage 
Volume 

(gal)

Vessel 
Diameter 
or Width

Vessel Height Vessel 
Material

Sodium Permanganate2 2,250 / 4,500 Tanks 2,250 2,250 1 2,250 2 4,500 8 ft 7 ft -9 ¼ inch XLPE
Ferric Chloride1 9,044 / 13,566 Tanks 4,522 4,600 2 9,200 3 13,800 10 ft-2 inch 9 ft-6 ¼ inch XLPE

Calcium Hydroxide1 80,595 / 161,190 5 Silos 62,100 5, 6 80,959 5 1 80,959 5 2 161,190 5 14 ft
45 ft-

3 inch SW Steel
Calcium Thiosulphate 3,7 2,532 / 5,065 Tanks 2,532 2,650 1 2,650 2 5,300 8 ft 8 ft-9 ¼ inch XLPE
Sodium hydroxide1 10,379 / 15,567 Tanks 5,189 5,300 2 10,600 3 15,900 9 ft-2 inch 13 ft-0 inch XLPE
Sodium Hypochlorite1 9,443 / 18,885 Tanks 4,722 4,900 2 9,800 3 14,700 12 ft-0 inch 7 ft-9 ½ inch XLPE
Liquid Ammonium Sulfate3 2,574 / 5,147 Tanks 2,574 2,650 1 2,650 2 5,300 8 ft 8 ft-9 ¼ inch HDPE
Aluminum Chlorohydrate3 4,870 / 9,740 Tanks 4,870 4,925 1 4,925 2 9,850 9 ft-0 inch 12 ft-2 ¾ inch XLPE
Hydrogen Peroxide2 2,250 / 4,500 Tanks 2,250 2,250 1 2,250 2 4,500 8 ft 7 ft-9 ¼ inch XLPE
Nonionic Polymer (TBD)

or
Corrosion Inhibitor (TBD) TBD TBD TBD - - - - - - - -

1 Required onsite storage is 15 days of chemical use at plant design flow and average dosage.
2 Required onsite storage calculated as 120% tanker truck capacity. Assumed tanker truck capacity is 4,500 gallons or 44,000 lbs.
3 Required onsite storage calculated as 1.2 tanker truckloads (assuming 44,000 lbs truck capacity) for Chemicals with Specific Gravity > 1.2.
4 Volume of individual storage vessels selected.
5 Units for lime are pounds, not gallons.
6 Minimum silo size assumes 120% of a 24 ton delivery truck.
7 Sodium bisulfite can also be provided as the primary quenching agent in lieu of CaTs.
8. If requested by the City, the silo height can be decreased by increasing the diameter. However, cost will likely increase with diameter.
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5.6 Major Equipment Components
All chemical equipment will be sized for a Phase 1 plant design flow of 32 million gallons per day 
(MGD) and a Phase 2 plant flow of 64 MGD.

5.6.1 Storage Vessels
5.6.1.1 Tanks
All tanks will be sized to hold 120% the capacity of a delivery tanker truck, unless 15 days at 
maximum plant flow and average chemical dosage exceeds the 120% capacity of the delivery 
truck. Two tanks will be provided in Phase 1 for each primary chemical stored in bulk tanks; 
however, one tank each will be provided for ACH and hydrogen peroxide since ACH is an 
alternative coagulant to ferric chloride, and hydrogen peroxide will be periodically used for 
control of EPS production on the biofilter and is an alternative to Calcium Thiosulfate used for 
ozone quenching. For all chemicals, one additional bulk tank will be installed in Phase 2, except 
for Sodium Permanganate, Calcium Thiosulfate, and Liquid Ammonium Sulfate as the two tanks 
installed during Phase 2 for these chemicals provide ample capacity for the plant design flow of 
64 MGD at average chemical doses.

All tanks per chemical will be in series and use double ended headers to feed the inlet side of the 
pumps, so any tank can be used with any pump. Chemical rooms will be sized to store all 
necessary tanks and equipment needed for Phase 2 operations.

All chemical tanks will be constructed of high-density crosslinked polyethylene (XLPE).

A level sensor will be mounted on each tank to monitor the liquid level. The sensors will report 
liquid levels to the supervisory control and data acquisition (SCADA) system and to a local 
indication at the truck delivery station. Level readings will be used to display high and low level 
alarms and to calculate the volume remaining in each chemical tank. An alarm will sound if a high 
level is reached during chemical loading.

Each chemical tank will be covered and equipped with the appurtenances listed below:

 Valved drain.

 Overflow pipe.

 Visible downward turned, free fall discharge.

 Vent.

 With all acid tanks vented to the outside atmosphere (turned down and screened).

 Fill connection.

 Valved outlet connection.

 Manway.
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 Tank level element.

5.6.1.2 Secondary Containment
A secondary containment with the entire room acting as a sump will surround all storage tanks 
and other major equipment. A level switch will trigger an audible alarm when liquid is filling the 
sump. A locally controlled sump pump can discharge the chemical to a truck or to a drain. 
Washdown water for the sump will be available.

5.6.1.3 Chemical Feed Pumps
All chemicals stored in the chemical building will be transferred to their application points with 
chemical metering pumps. The main options for chemical metering pumps include diaphragm 
and peristaltic pumps.

 Diaphragm pumps cost less to operate over time, are more energy efficient, and are less 
likely to leak than peristaltic pumps. However, they require a cleaner chemical that is free 
of particulates and more operator knowledge of the pump valves, priming, and feed rate 
adjustments.

 Peristaltic pumps are initially easier to operate because feed rates are less effected by 
pressure and are easier to prime. However, they use more power, are more likely to leak, 
and require more frequent replacement of pump tubes as compared to diaphragm pumps.

It is recommended that the metering pumps be diaphragm type, with variable speed motors, and 
adjustable stroke lengths.

A duty chemical metering pump will be provided for each process train for every chemical. 
However, for chemicals that are only applied to a common process and not the individual process 
trains (e.g., LAS is applied at the finished water storage tank), only one duty pump will be 
provided in Phase 1. A standby metering pump will be provided for each chemical per phase. 
Chemical feed pumps will withdrawal chemical through a common suction header giving them 
the ability to withdrawal from any of the storage vessels of a certain chemical. For some 
chemicals, a splitter panel will be provided which will allow the standby pump to feed all 
application points, including alternative application points on both process trains simultaneously. 
Figure 5-1 shows an example splitting panel arrangement.
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Figure 5-1. Splitting Panel Arrangement

Chemical flow rates will be flow paced based on the desired dosage and the flow meter reading 
for each process train. Chlorine and pH and sensors will send readings to the SCADA system to 
allow for trimming of lime, caustic, and sodium hypochlorite.

Strainers will remove impurities in the suction lines from each storage vessel. Isolation valves for 
each pump will facilitate maintenance activities. Pulsation dampeners will be located on both the 
suction and discharge piping to reduce pressure pulsation.

Pressure relief valves on the discharge of the metering pumps will direct flow back to the pump 
inlet if an over-pressurization occurs. Pressure gauges will be provided for local indication of the 
discharge pressure. Additionally, a back pressure valve will be installed to prevent siphoning 
from the tanks. To prevent chemical leaks, an actuated valve will be provided at each tank outlet 
for automatic isolation of the tanks.

Appurtenances for Pumps

Each metering pump system will include:

 A calibration column.
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 Pulsation dampening on the suction and discharge lines.

 Pressure gage.

 Flushing connections.

 Back pressure control valve.

 Pressure relief valve on the pump discharge line.

The appurtenances of the chemical metering pumps will be mounted on a FRP board with 
plexiglass doors, for access, maintenance, and protection from high-pressure leaks.

5.6.1.4 Flow Meters
Magnetic flow meters will be installed to verify the chemical flow rate for sodium hypochlorite, 
Ferric Chloride, and Aluminum Chlorohydrate; and on the plant water that is mixed with lime.

5.6.1.5 Emergency Shower
Emergency showers and eyewash stations will be installed as needed throughout the plant. The 
emergency shower and eyewash stations will have flow switches that trigger an alarm when 
activated.

5.6.1.6 General Equipment
The truck offloading area will include an audible alarm interconnected with the high level storage 
tank controls to indicate tank high level. All chemical rooms will be climate controlled as 
necessary to keep rooms within acceptable temperatures ranges for each chemical. In particular, 
the sodium hypochlorite room and the liquid ammonium sulfate room will be air conditioned to 
minimize issues with off gassing of the chemicals. Sodium hydroxide will require a higher low 
temperature setpoint to prevent freezing.

5.7 Facility Layout
5.7.1 Chemical Building
The preliminary room layout for the chemical building is shown in Figure 5-2 and in 3D view in 
Figure 5-3.

The general organization of the chemical building includes the majority of Primary chemicals on 
the south side of the building, and Alternative/Future chemicals located in the northeast, along 
with the Electrical, Mechanical, and Storage rooms located in the northwest quadrant of the 
building. An access road directly adjacent to the south side of the building will provide truck 
access for chemical deliveries to chemical tanks. The tank fill lines for the Primary Chemicals will 
be shorter by locating the Primary chemicals on the southern side of the building adjacent to the 
delivery stations. The chemical rooms are also organized by chemical compatibility groups, 
including bases, salts and polymers, and oxidizers.
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A containment area will be provided in each chemical room, and all major equipment will be 
housed within this area with each chemical tank sitting on a concrete pad. The truck offloading 
areas will also have containment via sloped inlets to sumps.

The chemical building will include SCADA, mechanical, electrical, and storage rooms. All of these 
will be all located in the northwest quadrant. Each chemical room will be heated and ventilated as 
required for optimum storage.

5.7.1.1 Utility Corridor
There will be a tunnel located between the chemical building and the utility corridor of the Phase 
1 process building, see Figure 5-4. All chemical lines will run from the chemical building through 
the tunnel and into the utility corridor. After entering the utility corridor, chemical lines will split 
off towards their application points.

5.7.1.2 Yard Piping
Certain chemical lines will extend to the finished water storage tank. Therefore, chemical yard 
piping will be required between the northern extent of the utility corridor and the finished water 
storage tank. Buried chemical piping will be concrete encased or backfilled in high strength 
backfill material (controlled density or low density concrete backfill), and will be bundled 
together in duct banks.

5.7.1.3 Lime Equipment
The lime silo and truck delivery station will be located north of the chemical building along the 
southern wall of the process buildings as illustrated in Figure 5-5.
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Figure 5-2. Chemical Building Room Layout
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Figure 5-3. Chemical Building 3D Layout
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Figure 5-4. Tunnel between Process Building and Chemical Building
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Figure 5-5. Lime Silo Location
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Section 6
Residuals Handling

The residuals handling system is designed to process waste liquids and solids from the plate 
settlers, filter backwash, and other plant process drains and overflows.

Four alternative processes were considered for the residuals handling system. These were 
separated into options with or without a gravity thickener, and dewatering achieved either with 
drying beds or mechanical dewatering. All alternatives include a backwash waste equalization 
basin and recycle pump station for return flows. None of the alternatives include sending 
residuals flows to sewer, as the City has determined no additional flows from the WTP can be sent 
to downstream wastewater treatment facilities.

Based on the evaluation, it was determined that the following process components are 
recommended: gravity thickening prior to mechanical dewatering, backwash equalization for 
filter backwash, and drying beds for emergency flows. The detailed alternatives evaluation is 
described in the February 2021 Solids Handling and Backwash Technical Memorandum.

The selected residuals handling process flow diagram is shown in Figure 3-1. Settled solids from 
the plate settlers are pumped to thickeners. Thickened solids are then pumped to mechanical 
dewatering and dosed with polymer for improved thickening of solids prior to being hauled to an 
off-site waste facility.

Spent filter backwash flows by gravity to the backwash equalization basin, where the liquid 
stream can be recycled to the head of the plant and any solids are sent to the gravity thickeners. 
Pressate from mechanical dewatering is sent back to the gravity thickeners and decant from the 
thickeners is sent to the equalization basin. Dewatering beds are proposed to provide additional 
capacity for basin drains or plant overflows and can be used for dewatering solids during 
emergency events or at low flows with remote operation.

Five raw water quality and chemical dosing cases were considered for design of the residuals 
handling system (Table 6-1):

 Minimum.

 50th percentile.

 95th percentile.

 Challenging.

 catastrophic conditions.

The minimum case represents the minimum forecasted flow rate with average water quality 
conditions. The remaining cases are as established in the June 2020 Desktop Report by CDM 
Smith. The 50th percentile case represents average conditions and will be used to account for 
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average annual values. The 95th percentile case acts as a near maximum value while potentially 
removing any extreme outlier events or data points. The challenging case represents seasonally 
degraded water quality in Standley Lake or first-flush events in the bypass canals (e.g., algal 
blooms creating taste and odor episodes or elevated levels of turbidity, high organics and soluble 
manganese). Lastly, the catastrophic case represents infrequent extreme weather events seen on 
a greater than a two year interval or sometime in the future (e.g., fire in the watershed, flooding, 
etc.). A mass balance was performed for each of these cases to determine the design criteria for 
the solids handling system. The key inputs and results from the mass balance are summarized for 
each case in Table 6-1 below.

Table 6-1. Residuals Handling System Phase 1 Design Criteria Overview

Parameter Minimum 50th 95th Challenging Catastrophic
Inputs

Flow (MGD) 3.5 15 30 30 15
Turbidity (NTU) 2.38 2.38 6.4 60 300
TOC (mg/L) 1.661 1.661 1.94 3.3 12
Iron (mg/L) 0.1791 0.1791 0.491 0.61 0.61
Manganese (mg/L) 0.1761 0.1761 1.249 1.6 1.6
Ferric Chloride (mg/L) 7 7 10 15 60

Solids Loading
Recycle Flow (MGD) 0.150 0.463 0.918 1.969 1.483
Waste Solids from Clarification (MGD) 0.02 0.1 0.3 1.3 1.1
Solids to Waste Offsite (ppd) 355 1,513 5,964 27,937 66,018
Annual Solids Production (tons/yr)2 70 280 1,090 5,100 1,260

1 Average values, 50th percentile values were not available.
2 Annual catastrophic solids production was calculated with those respective conditions for 1 month, and average conditions 
for 11 months.

For Phase II, it is assumed that the flow for the 50th percentile, 95th percentile, and challenging 
cases will double. However, the catastrophic case is assumed to remain the same in Phase II 
because it is representing a single, infrequent event rather than a continuous mode of operation. 

The following sections describe the design criteria and equipment required for each process unit 
in the residuals handling system.

6.1 Gravity Thickening
The gravity thickeners will densify the residuals from the plate settlers prior to mechanical 
dewatering. Decant water will be recycled back to the head of the plant via the equalization basin.

6.1.1 Treatment Objectives and Approach
The purpose of the gravity thickeners is to provide a more consistent thickened solids feed to 
mechanical dewatering, which maximizes water removal achieved in dewatered solids and in 
turn minimizes solids disposal costs, as well as provide solids storage volume for when the 
mechanical dewatering equipment is not operational. The storage volume of the gravity thickener 
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provides the flexibility to operate the dewatering equipment only during typical working hours, 
across all the water quality and flow cases. The operational frequency of the dewatering 
equipment is detailed later in Table 6-5. The gravity thickeners also reduce the hydraulic volume 
processed by mechanical dewatering, reducing the total number of dewatering units required.

6.1.2 Process Design Criteria
The gravity thickeners are sized to meet challenging conditions with redundancy and 
catastrophic conditions without redundancy. These conditions drive both the solids storage 
volume needed, and the hydraulic and solids loading rates that will drive the sizing of the 
thickener. Typical ranges for acceptable gravity thickener loading are 100-300 gallons/ft2/day for 
hydraulic loading and 2-10 lbs/ft2/day for solids loading. A maximum hydraulic loading rate of 
300 gallons/ft2/day and maximum solids loading rate of 7 lbs/ft2/day were selected for the 
catastrophic condition, resulting in a minimum required diameter of 83 ft (two thickeners in 
operation). This can also meet the challenging condition at the same hydraulic loading and a 
solids loading of 6 lbs/sf/day with one gravity thickener online. The design criteria for the gravity 
thickener are summarized in Table 6-2.

Table 6-2. Gravity Thickener Design Criteria

Parameter Value
Influent Flow (MGD) 2.81
Influent Solids Loading (ppd) 76,750
Days of Thickened Solids Storage 2
Maximum Hydraulic Loading (gal/sf/day) 300
Maximum Solids Loading Area (lbs/sf/day) 7.1
Estimated Solids Removal 90%
Estimated Dry Solids Concentration 2%
Number of Duty Thickeners 2
Number of Standby Thickeners 0
Minimum Thickener Diameter (ft) 83
Solids Generation per Day (gpd) 9,200
Required Solids Storage (gal) 4,600
Required Solids Depth (ft) 5.7

6.1.3 Major Equipment Components
Table 6-3 below summarizes the design of the gravity thickeners based on the design criteria 
previously discussed. The design criteria are provided for Phase 1 flows of 30 MGD. To meet 
Phase 2 flows of 60 MGD, two additional gravity thickeners of the same design will be installed, 
for a total of 4 thickeners.



Section 6    Residuals Handling
City of Westminster Basis of Design Report

Water 2025
June 21, 2021

Page 6-4

Table 6-3. Gravity Thickener Design

Parameter Phase I (Phase II)
Number of Thickeners 2 (4)
Minimum Depth of Solids (ft) 5
Thickener Diameter (ft) 83
Depth of Solids 6
Water Depth Above Solids 8
Effluent Weir V notch
Freeboard 2
Total Depth (ft) 16
Rake Motor Horsepower 1.5
Rake Motor Electrical 230/460 V, 3 Ph, 60 Hz
Control Panel NEMA 4X

6.1.4 Facility Layout
A conceptual drawing of the gravity thickener is shown in Figure 6-2.

6.2 Mechanical Dewatering
Thickened solids from gravity thickeners will be pumped to mechanical dewatering for final 
processing of solids prior to hauling offsite. The system will include dewatering polymer to 
improve mechanical dewatering performance and solids pumps to transfer solids from the 
gravity thickeners to the dewatering units.

6.2.1 Treatment Objectives and Approach
Mechanical dewatering units receive thickened solids from the gravity thickeners to reduce the 
overall volume and weight of waste solids hauled offsite for cost efficiency. The drier solids waste 
allows for easier removal from the site and for potential beneficial use through land application. 
Dewatering polymer will be added to the thickened solids prior to the dewatering units to 
improve dewatering efficiency. During low flows, operators have the option to place the 
mechanical dewatering units in standby and send solids to the dewatering beds if full remote 
operation is preferred.

6.2.1.1 Recommended Alternative
There are several types of mechanical dewatering that will be evaluated by pilot testing using 
similar solids contents and varied polymer dosing. A preliminary evaluation of various types of 
mechanical dewatering equipment was included in the February 2021 Solids Handling and 
Backwash Technical Memorandum. The type of mechanical dewatering equipment selected will 
have an impact on the dewatering building size, electrical loads, and solids polymer system sizing. 
It is recommended to select the preferred dewatering equipment technology prior to final design.
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Figure 6-1. Conceptual Drawing of Gravity Thickener
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6.2.2 Process Design Criteria
From discussions with the City (December 2020), it was determined that the maximum hours of 
operation of dewatering equipment should be 30 hours per week with one duty unit and one 
standby unit under normal conditions. Under challenging conditions, it will be assumed that one 
duty unit can run continuously, up to 24 hours a day, 7 days a week, with one standby unit 
available. Under catastrophic conditions, it will be assumed that two units can run continuously 
24/7, with no equipment redundancy. The forecasted challenging and catastrophic peak flow 
events drove the sizing of the dewatering system. The dewatering hydraulic loading rates and 
solids loading rates during catastrophic conditions are summarized in Table 6-4. The design 
criteria in this section defines the flows and equipment involved in Phase 1. Phase 2 will have 
double the flow and require double the equipment listed in this section.

Table 6-4. Mechanical Dewatering Hydraulic and Solids Loading Rates

Parameter Catastrophic Conditions
Influent Flow (MGD) 1.118
Influent Solids Loading (ppd) 79,753
Dewatered Solids Concentration (%) 20
Effluent Waste Liquid Flow (MGD) 0.035 1

Effluent Waste Solids Loading (ppd) 66,018 1

Inlet Pressure to Dewatering Equipment (psig) 102

1 Effluent Waste hydraulic and solids loading rates are calculated based on a dewatering polymer dose of 12 lb/dry ton.
2. Pressure based on centrifuge equipment. Equipment type and pressure to be confirmed after final equipment selection.

The operational assumptions under different scenarios are in Table 6-5. It is assumed that the 
dewatering beds will be used during minimum flows instead of the mechanical dewatering 
equipment.

Table 6-5. Mechanical Dewatering Operational Assumptions

 50th Percentile 95th Percentile Challenging Catastrophic
Weekly Hours of Operation 8-10 30 168 168
Number of Duty Units 1 1 1 2
Number of Standby Units 1 1 1 0

The range of required dewatering polymer doses are based on vendor recommendations. The 
vendor recommendations were derived from initial bench top testing and the recommended 
ranges were confirmed on the same raw water source for Northglenn. Polymer dosing 
requirements will be determined with pilot testing of the different dewatering technologies; 
however, preliminary minimum and maximum doses are provided in Table 6-6 for planning 
purposes.

Table 6-6. Dewatering Polymer Dosing

Parameter Minimum Maximum
Polymer Dosing (lb/dry ton) 12 18
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6.2.3 Major Equipment Components
Table 6-7 summarizes the design parameters of the mechanical dewatering equipment.

Table 6-7. Mechanical Dewatering Design

Parameter Phase I (Phase II)
Number of Units 2 (4)
Model TBD
Maximum Dry Solids Feed (lb/hr) 1400-1950
Maximum Hydraulic Throughput (gpm) 100-130
Power (hp) 5-40
Washwater (gpm) 20-75

There is still a range of design criteria and potential facility layouts in the mechanical dewatering 
design parameters while the equipment is being selected. As noted previously, it is recommended 
to select the dewatering equipment prior to completion of design due to the impacts on building 
size, solids pump and dewatering polymer system design, and power requirements. Table 6-8 
summarizes the design parameters for various types of equipment. Additional analysis in solids 
piloting is ongoing, and selection of technology is anticipated in advance of design.

Table 6-8. Mechanical Dewatering

Evaluation Criteria Screw Press Volute 
Screw Press Fan Press Centrifuge Belt Press

Site Layout
Number of Units (Phase 1) 2 2 2 2 2

Model Number BHK-
1250x6500 ES-352 48 inch Dual 

Channel 2.0 CS18-4 3DP

Footprint Required Per Unit
396 inch L x 
72 inch W x 
124 inch H

178 inch L x 
61 inch W x 

89 inch H

103 inch L x 
75 inch W x 

98 inch H

207 inch L x 
84 inch W x 
102 inch H

246 inch L x 
106 inch W x 

117 inch H
Max Capacity
Dry Input Solids Feed (lb/hr) 1,160 lb/hr 1,400 lb/hr 1,950lb/hr 1,490 lb/hr 1,160 lb/hr
Hydraulic Throughput (gpm) 115 gpm 100 gpm 130gpm 100 gpm 115 gpm
Utility Requirements
Power (hp) 7.5 hp 5.3 hp 5 hp 40 hp 7.5 hp

Washwater Intermittent, 
60-70 gpm

Intermittent, 
20 gpm

Intermittent, 
35 gpm

Startup / 
Shutdown, 60 

gpm.
3-5 gpm 

cooling water.

75 gpm

Polymer Estimates* <25 lb/ton 10-25 lb/ton ~19 lb/ton 10-15 lb/ton 12-18 lb/ton
*Polymer estimates vendor provided and determined through initial bench top testing. These estimates were 
confirmed for the same raw water source. 
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Table 6-9 summarizes the anticipated design parameters for the solids pumps.

Table 6-9. Thickened Solids Pump Station Design

Parameter Phase I (Phase II)
Number of Duty Pumps 1 (2)
Number of Standby Pumps 1
Pump Type Rotary Lobe
Maximum Flow (gpm) 260
Maximum Total Head (ft) 70
Pump Efficiency 90%
Power (hp) 15

The dewatering polymer system consists of dosing pumps, a mixing chamber to activate the 
polymer, and storage totes. The polymer system will require tempered water to optimize the 
activation process, which will also be required for the eyewash/shower facilities. One 330 gallon 
tote provides sufficient storage volume for at least 30 days of storage during maximum flow 
conditions of 30 MGD (95th percentile case). Space will be provided for two totes to allow at least 
one tote to remain online during delivery of new totes or other maintenance activities. The design 
of the dewatering polymer system is summarized in Table 6-10.

Table 6-10. Polymer System

Parameter Phase I (Phase II)
Number of Duty Pumps 1
Number of Standby Pumps 1
Pump Type Peristaltic
Maximum Flow (gpm) 1
Discharge Pressure (psi) 45
Power (hp) 1/2
Number of Totes 2 (4)
Total Volume (gal) 330
Polymer Days of Storage (95th Percentile Case) 30
Polymer Days of Storage (Average 50th Percentile) 100

Conveyors will be used to move solids from the mechanical dewatering equipment to the roll off 
bin. It is anticipated that one conveyor per dewatering unit will be required as well as one 
common conveyor. Conveyor requirements will be further determined during detailed design.

Table 6-11. Solids Conveyors

Parameter Phase I
Number of Individual Equipment Conveyors 2
Individual Equipment Conveyor Power (hp) 2
Number of Common Conveyors 1
Common Conveyor Power (hp) 3
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Space for a two roll off bins with a maximum weight capacity of 16,000 lbs will be provided in the 
dewatering building (Table 6-12) to allow for filling and subsequent changeout during 
challenging and catastrophic conditions. One roll off bin could be located outside of the building. 
Alternatively, dewatered solids could be temporarily stored in the dewatering beds if hourly roll 
off bin hauling is not feasible during catastrophic events.

Table 6-12. Roll Off Bins

Parameter Phase I
Max Weight per Roll Off Bin (lb) 16,000
Number of Roll-Off Bins 2
Roll Off Bin Length (ft) 22
Roll Off Bin Width (ft) 7.5
Maximum Waste Flow (gpd) 35,000
Maximum Waste Dry Solids Loading (ppd) 66,000
Maximum Waste Wet Solids Loading (ppd) 330,000
Solids Density (lbs/gal) 9.4
Average time to fill, Catastrophic Case (days) 0.05 (1.2 hrs)
Average time to fill, 95th Percentile Case (days) 1.85 (45 hrs)

6.2.4 Facility Layout
Irrespective of which mechanical dewatering equipment is selected, a conceptual dewatering 
building was sized to include dewatering skids, polymer storage, a conveyor, a roll-off bin for 
dewatered solids and electrical room (see Figure 6-3).

6.3 Backwash Equalization Basin
The backwash equalization basin will receive backwash water from the filters, decant from the 
gravity thickeners, and pressate from the mechanical dewatering equipment. Decant from the 
basin will be pumped back to the head of the plant and settled solids will be sent to the gravity 
thickeners.

6.3.1 Treatment Objectives and Approach
Backwash equalization provides storage for filter backwash flows and plant overflows and drains 
that would otherwise hydraulically overload the residuals handling system. The basin will be 
located at the lowest hydraulic point to allow for gravity flow of these volumes to the basin.

The influent flows will contain solids that will accumulate, developing a solids blanket over time 
within the basin, requiring a method for removal of the solids either with the use of mechanical 
solids collectors or solids hoppers that collect solids to be pumped to the gravity thickeners. 
Under normal conditions, this accumulation will be minimal, but can become significant under 
challenging or catastrophic conditions.
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Figure 6-2. Dewatering Building Conceptual Layout
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6.3.1.1 Recommended Alternative
Use of dewatering beds or installation of a separate backwash equalization basin was considered. 
It was decided to use a separate backwash equalization basin that can overflow by gravity to the 
dewatering beds in emergency flows. The backwash equalization basin prevents having regular 
addition of liquids to any solids that is in the process of drying, which would greatly extend or 
even prevent the solids from drying sufficiently for hauling. This approach also prevents a 
common inlet pipe to the beds that would see both high volume backwash waste events and 
lower flows of thickened solids. This would create intermittent low velocities in the pipe and 
result in periodic settling of solids that could become problematic.

6.3.2 Process Design Criteria
The equalization basins are sized to hold the total volume for two filter backwashes, including 
filter to waste volume, plus an additional 10% to account for continuous flows from the gravity 
thickener. Comparing influent volumes, the catastrophic condition resulted in the largest flows 
and thus drives the basin sizing. The required basin volume and annual depth of accumulated 
solids are summarized Table 6-13. Bifurcation in the basin also allows for consecutive 
backwashes to go into separate volumes, encouraging settling and minimizing stirring.

Table 6-13. Equalization Basin Design Criteria

Parameter Value
Backwash Volume per Filter (gal) 192,200
Volume for 2 Backwashes (gal) 384,500
Additional Volume for Continuous Flows 10%
Total Working Volume (gal) 423,00
Annual Depth of Accumulated Solids (ft) 6.5

6.3.3 Major Equipment Components
Table 6-14 below summarizes the equalization basin design. It is assumed that hoseless solids 
collectors will be used to collect solids to be pumped to the gravity thickener. Alternatively, a 
sloped floor to a sump can be used to collect and pump the solids to the gravity thickeners.

Table 6-14. Equalization Basin Design

Parameter Value
Tank Depth (ft) 15
Tank Area (ft2) 4,538
Tank Width (ft) 66
Tank Length (ft) 60
Number of Basins 2
Number of Solids Collectors 2
Solids Collector (hp) 1/4

6.3.4 Facility Layout
A conceptual drawing of the equalization basin is shown in Figure 6-3.
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Figure 6-3. Equalization Basin Layout
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6.4 Recycle Pump Station
Decant from the equalization basin will be recycled to the head of the plant before rapid mix. The 
recycle pump station will be located at the equalization basin.

6.4.1 Treatment Objectives and Approach
The downstream wastewater facilities do not have the capacity for any additional liquid waste 
streams from the Water2025 WTP, so all waste flows must be processed and hauled offsite or 
need to be recycled. To minimize operational upsets, the recycle pump station should return 
flows at a constant rate and consistent turbidity. Influent flows to the equalization basin have 
relatively low turbidities, and the equalization basin allows for the solids to be settled out prior to 
the recycle pump station to ensure lower turbidities in the recycle stream.

6.4.2 Process Design Criteria
To meet CDPHE guidelines for recycle rates as stated in Chapter 9.0, the residuals handling 
system is designed to achieve a recycle flow of 10% or less of total plant flow in all operating 
scenarios. The operating scenarios result in a wide range of flows and recycle rates that the 
recycle pump station must meet, as summarized in Table 6-15.

Table 6-15. Recycle Stream Flow

Parameter Minimum 50th Percentile 95th Percentile Challenging Catastrophic
Plant Influent, MGD 3.5 15 30 30 15
Recycle Liquid Flow, 
MGD (gpm)

0.15
(100)

0.46
(325)

0.92
(640)

2.17
(1000)

1.47
(1500)

Recycle Solids Flow, 
ppd

10 40 155 400 860

Percent Recycle 4% 3% 3% 7% 10%

6.4.3 Major Equipment Components
Two sets of different sized pumps are required to meet both minimum and maximum flow 
requirements, which range from 100 gpm to 1500 gpm. Both sets of pumps are designed in N+1 
configuration to provide redundancy.

The low flow pumps (Table 6-16) can meet the required duty point at the minimum flow 
condition with one pump and average (50th percentile) condition with 2 duty pumps. It is 
assumed that the recycle pumps would be replaced at Phase 2 to reduce the number of pumps 
required in the facility once higher consistent flows are seen at the WTP.



Section 6     Residuals Handling
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 6-19

Table 6-16. Recycle Pump Design – Low Flow

Parameter Phase I 
Number of Duty Pumps 2
Number of Standby Pumps 1
Pump Type Centrifugal
Maximum Flow per pump(gpm) 175
TDH (feet of head) 45
Efficiency 68%
Power (hp) 5
Speed Variable

The high flow pumps (Table 6-17) can meet the challenging and 95th percentile flows with 1 duty 
and 1 standby pump, and the catastrophic flows with two duty pumps. If one large pump was out 
of service during a catastrophic event, one large pump and all three small pumps can be operated 
together to meet catastrophic flows. It is assumed that the recycle pumps would be replaced at 
Phase 2 to reduce the number of pumps required in the facility once higher consistent flows are 
seen at the WTP.

Table 6-17. Recycle Pump Design – High Flow June – September

Parameter Phase I (Phase II)
Number of Duty Pumps 2
Number of Standby Pumps 0
Pump Type Horizontal Centrifugal
Maximum Flow per pump(gpm) 1000
TDH (feet of head) 55
Efficiency 75%
Power (hp) 20
Speed Variable

Horizontal centrifugal pumps are specified in the design criteria table above, however 
submersible pumps could also be utilized in a wet well. The type of pump will depend on whether 
the pumps are installed in a wet-well in the equalization basin or on grade.

6.5 Dewatering Beds
Dewatering beds receive thickened solids that will be retained in the bed at a shallow depth, 
allowing for evaporation. A layer of sand and gravel will be applied to the drying bed to allow for 
draining with a perforated drainpipe would run the entire length to capture liquids, which is 
returned to the backwash equalization basin. The solids will be periodically removed with 
mechanical equipment from the bed for disposal offsite.
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6.5.1 Treatment Objectives and Approach
The dewatering beds serve two purposes: the beds can be used for dewatering in place of the 
mechanical dewatering units during low flow periods or to provide extra capacity for emergency 
overflow and catastrophic events should a mechanical dewatering unit be out of service.

6.5.2 Process Design Criteria
The dewatering beds are sized for an overflow event of 1.5 million gallons, which provides 
capacity for 12 hours of overflow during minimum plant flows (3 MGD), a backwash of all filters, 
and 1 hour of maximum plant flows. The dewatering beds combined with the backwash tank 
volume can also handle maximum flows of one treatment train for 3 hours (15 MGD). The 
dewatering bed design criteria are summarized in Table 6-18.

Table 6-18. Dewatering Beds Solids Loading

Parameter Value
Maximum Required Overflow Volume (mg) 1.5
Maximum Overflow Volume Storage (ac-ft) 4.6
Dewatering Bed Required Area (acres) 3.0
Total Storage Depth Available (ft) 2.0
Overflow Event Storage Depth (ft) 1.5
Number of Active Drying Beds 3
Length (ft) 125
Width (ft) 350

At this size, the dewatering beds were sized to handle 30 days of catastrophic solids loading. The 
beds can also be operated during the winter months instead of the mechanical dewatering 
system. At a loading rate of 24 lb / sf / yr, the dewatering beds can process 7 months of low flows 
(3.5 MGD).

6.5.3 Major Equipment Components
The design of the drying beds is summarized in Table 6-19. The number of drying beds will 
remain the same in both phases of the plant because it is only used for low flows and for a 
catastrophic or overflow event.

Table 6-19. Drying Beds

Parameter Value
Number of Beds 3
Length (ft) 350
Width (ft) 125
Total Side Wall Depth (ft) 6.5
Freeboard (inches) 24
Working depth (inches) 24
Sand Layer Thickness (inches) 18
Gravel Layer Thickness (inches) 12
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6.5.4 Facility Layout
A conceptual layout of the three dewatering beds is shown in Figure 6-4.
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Figure 6-4. Conceptual Layout of the Three Dewatering Beds.
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Section 7
Process Instrumentation and Controls

7.1 Control Philosophy
Full automation and derivatives thereof including partial automation and manual control are 
planned for the Water2025 water treatment plant.  System reliability, flexibility, resiliency and 
cybersecurity are focal points of the instrumentation, automation and controls design.

Eliminating single points of failure is essential in providing a robust and resilient supervisory 
control and data acquisition system (SCADA); Therefore, appropriate redundancy will be 
included in the design of the system architecture based on a single point of failure analysis.  The 
City desires a resilient enterprise SCADA system that not only serves the Water2025 treatment 
facility but also can assume control of the Semper and Northwest water treatment facilities 
should the need arise. A well devised plan will be provided to communicate with 
upstream/downstream infrastructure including City Hall and pre-determined remote treatment 
facilities.

7.1.1 Communications with Existing Infrastructure
A secured redundant ring fiber-optic network will be designed within the Water2025 treatment 
facility.  Programmable Logic Controllers (PLC’s), Operator Interface Terminals (OIT), Human 
Machine Interface (HMI), Process Analyzers, and Variable Frequency Drives (VFD) are examples 
of equipment that can be networked to make visible process and control data to system 
operators, managers, and engineers.

A Fiber-Optic link is planned to connect the City’s enterprise network to the Water2025 
treatment facility.  This connection is currently planned to be made at the 98th avenue location.  
The City currently uses Advanced Fiber response (AFR) for Fiber-Optics cable design and 
installation.  In addition, current plans call for the design of a redundant microwave radio 
communications network link between the existing tower at City Hall and the Water2025 
treatment facility.  The City currently uses KNS Communications for its wireless radio 
communications integrator. A radio path study will be required during preliminary design to 
determine the correct radio and antenna hardware design.

The new network design will permit the sharing of process data and alarms between water 
treatment facilities and the database hub located at City Hall.

7.2 System Architecture
Detailed drawings and will be created during preliminary design to depict the system 
architecture.  Typically, a facility plan overview is presented followed by the control room and 
specific process areas to show interconnection details of the fiber-optic and ethernet network, 
PLC cabinets, ethernet switches, and uninterruptible power supplies (UPS).   Specific areas 
identified to contain PLCs include:
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1. Server Room (Administration Building).

2. Chemical Building.

3. Electrical Building.

4. Filter Gallery.

5. Dewatering Building.

6. Decant Pump Station.

Adequate spare I/O capacity will be allocated for future phase expansion and except for the 
server room, each PLC will include an operator interface terminal (OIT).  Each area listed above 
will contain a lockable PLC cabinet and a separate lockable network cabinet.  The network cabinet 
will contain a fiber-optic patch panel, UPS, and ethernet switch to serve security devices such as 
access control and cameras.  ST-style connectors will be used in fiber-optic patch panels. The PLC 
cabinet will contain a PLC, UPS, OIT, and managed ethernet switch to serve process control 
equipment such as VFD’s, analyzers, and skid mounted equipment.

The plan overview will also show how the Water2025 treatment facility fiber-optic network 
connects to the external enterprise network which includes the Semper and Northwest water 
treatment facilities as well as City Hall.

The control room, located within the administration building, is a focal point for the system 
architecture plan whereby operator workstations, including computers, monitors, consoles and 
printers are identified.  A site security workstation will be located within the control room.  A 
dedicated server room is typically located adjacent to the control room.  The server room is a 
secured space that contains the network hardware infrastructure as well as several important 
applications such as the SCADA software.

7.2.1 PLC Design
The City has standardized on the Schneider Modicon-branded (Momentum Unity, M340, M580) 
PLC.  The specific PLC model will be determined in the intermediate design phase and will be 
driven by memory and I/O and capacity requirements. The Modbus TCP/IP Ethernet protocol will 
be used to communicate with the HMI and OIT’s.  Any device on the network will have two 
Ethernet connections in order to conform to Schneider’s redundant network topology.  As of this 
writing, the City has received good service from North Point for SCADA integration and 
programming.

The PLC programming will be done using Schneider Electric’s Control Expert (IEC 61131 
compliant). The City has standardized on the following prioritized list of programming 
techniques:

1. Function Block.

2. Structured Text.



Section 7    Process Instrumentation and Controls
City of Westminster Basis of Design Report

Water 2025
June 21, 2021

Page 7-3

3. Ladder Logic.

7.2.2 HMI Design
The HMI server will reside within the server room located in administration building. The HMI 
software platform will utilize Aveva’s ArchestrA suite of products including System Platform, 
InTouch HMI, and Historian. Tag names in Aveva must include either site or process area 
descriptions to indicate where the data originated.

The OIT operator touchscreens, located at each PLC cabinet, will be the Schneider Magelis brand.  
HMI and OIT programming will be done in accordance with the City’s standards.

7.2.3 Control System Network Hardware Preferences
24 strand, multi-mode fiber-optic cabling is proposed for the redundant communications ring 
within the facility. The overall bundle can be segregated into two-12 strand parcels; one 
designated for process control and the 2nd parcel designated for IT/security. A redundant 24 
strand single-mode fiber-optic trunk line is proposed for the long-haul route to the City’s 
enterprise network connection located at 98th avenue.   Shielded CAT-6 Ethernet cabling is 
planned for use within the process control network. Good engineering practice recommends 
cable distances exceeding 200 feet to be fiber-optic as opposed to CAT-6 Ethernet.

The City has standardized on the Cisco 3300 series managed network switch or later depending 
on manufacturer's guidance. More robust industrial switches are available on the market and will 
be investigated and discussed with the City during preliminary design. As stated in the City’s 
SCADA standards, “the Information Technology department must be consulted for selection and 
approval of any managed switches, and they will need to have temporary possession to perform 
any necessary configuration prior to commissioning.”

7.2.3.1 UPS Systems
Network equipment can be very sensitive to transient power glitches that often occur when the 
primary source of power is lost and the subsequent transition to either a battery/inverter or 
diesel generator back up power comes-on line.  Consequently, the UPS system planned for the 
Water2025 treatment facility will be designed to always be online, serving as the primary source 
of power to network and selected process control equipment such as PLC’s, flowmeters, etc.  The 
city has expressed a desire to select a UPS that supports ”hot-swap batteries” to prevent any 
interruption in power during battery maintenance or replacement.  A centralized UPS design is 
planned for the facility which will be centrally located within a process building to support as 
many devices as practical.  A redundant UPS design will be considered to mitigate the risk of 
single point of failure. The city has had some discussion of a preference for Eaton as the brand to 
use but a final determination will be made later.

7.2.3.2 Field Equipment and Instruments 
The City prefers to maintain its current standard brand of Rosemount for level, flow and pressure 
instrumentation. Water on Floor (WOF) sensors shall be the Waterbug WB200 and water level 
switches shall be the Gems LS-270.
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Local/Off/Remote (LOR) selector switch control stations for motors and electric valve actuators 
will be provided as needed. In the ”Local” switch position, equipment can be run manually but the 
PLC program can still recognize and act on control system interlocks.  In this mode, the 
equipment can be run independent of an automatic sequence.  For across-the-line motor starters, 
a “Jog” pushbutton station will be placed near the motor for manual operation.  In the “Off” switch 
position the equipment cannot be operated. In the “Remote” switch position, the equipment is 
completely under PLC control.  The City has prescribed PLC logic blocks for pump and valve 
motors for both automatic setpoint control or manual control via the HMI.

As prescribed by city standards, the Beck Actuator Model 11, will be used for both 4-20 mA 
modulating and discrete Open/Close valve applications.

To facilitate HMI monitoring and control, any vendor provided skid equipment containing PLCs 
will be connected to the plant SCADA network via shielded CAT-6 Ethernet or Fiber-Optic cabling.  
The vendor provided PLC shall be specified in accordance with the City standard of using the 
Schneider-Modicon product line unless explicitly stated as an exception.

7.2.3.3 Vibration and Temperature Monitoring Systems
In general, vibration and temperature monitoring will include pump motors exceeding 200hp. 
Final decisions on motor protection requirements will be made during preliminary and 
intermediate design.  Eaton EMC 300 modules are currently in use on High Service Pumps at the 
Semper treatment facility. These modules connect to RTDs in the motor windings and 
accelerometers on the motor casing to measure vibration. CDM Smith will investigate viable 
alternatives and work with the City to determine whether the present Eaton product should be 
carried forward into final design.

7.3 Cybersecurity
Cybersecurity is an integral part of the automation design and like automation it has varying 
levels of complexity.  The City has developed Cybersecurity standards as part of the SCADA 
standards document which will be adhered to in conjunction with the process instrumentation 
and controls design.

As part of the design effort, consideration will be given not only to existing City standards but also 
to the following Cybersecurity threat mitigation measures:

1. Industrial DMZ to establish only certain devices allowed to connect to the internet or 
non-SCADA networks (like remote desktop servers, windows updates, virus updates, 
historical servers connected to enterprise, etc.).

2. Next-gen firewall to protect the edge of the network. Includes advanced firewall ruleset, 
threat protection, malware protection, etc.

3. VPN for secure outside connections.
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4. Provisions for disaster recovery (things like nightly backups and potentially even 
offsite backups.)

7.4 Operational Overview
The WTP is intended to be intermittently staffed and able to be operated remotely. As such, major 
day to day operational needs will be automated and available via SCADA. Operations such as 
adjusting flowrates, mixing energies, chemical doses, filtration rates, and initiating filter 
backwashes will be available from SCADA. Online instrumentation will report to SCADA for 
remote viewing.

Necessary manual operations will include receiving chemicals (via truck to bulk tanks), taking 
grab samples, and performing equipment maintenance. Some operations such as mechanical 
dewatering will, at least initially, be attended but could be controlled remotely via SCADA.

7.4.1 Process Control Overview

Operators input the daily WTP production rate (MGD) into SCADA based on system demand and 
desired treated water reservoir level variation.  The expectation is the WTP will operate at a 
relatively constant flowrate over a 24 hour period, with the finished water storage tank and high 
service pump station operated to meet peak hour demands in the distribution system.  The 
operators can change the WTP flowrate during the day if needed to reduce electric demands 
during peak load periods or maintain water levels in tanks during peak demand periods (e.g., 
when finished water tank water levels are dropping), however, the rate of change should be 
managed to avoid hydraulically surging the filters.  Options include starting a new filter and 
gradually increasing the flow in the new filter until it matches the other filters or small 
incremental changes in the WTP flowrate so the flow through all the online filters increases 
gradually.  It is worth noting that consideration should be given regarding seasonal changes in the 
number of biofilters in operation (summer vs. winter filter operating scenarios), to keep the 
biology active in the filter bed.  Start-up of seasonal biofilters will require an acclimation period 
for BDOC removal.

The total WTP flowrate input is used as the setpoint for the inlet flow control valve.  Operators 
can enter the number of treatment trains to be placed in service. The total flowrate setpoint is 
divided by the number of treatment trains in service. The flow split between trains is monitored 
and an alarm will be initiated if the average deviation of flowrate between trains is too high. 
Inclined plate launders or submerged orifice headers should provide sufficient hydraulic control 
for an even flow split between trains.  An active PID loop controller for each train could result in 
competing unstable loop control. However, if necessary, a PID loop controller will be considered 
to control the flow split between trains provided significant variations in flow through each inlet 
control valve can be avoided. Providing an adjustable dead band is recommended to reduce 
variability.  Operators can manually adjust the train inlet valves if the flow variation becomes too 
large.

Liquids
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Flow from each sedimentation train flows directly to the dedicated ozone contactor, so the same 
flow split between trains is maintained.  Water level in the ozone contactor is controlled by 
downstream filter control.  Water level in the ozone contactor increases slightly at higher 
flowrates.

The filters are operated to maintain a constant inlet water level across all filters, and all online 
filters operate at the same flowrate during normal operation.  Individual filter flowrates only vary 
from the average during start-up and shutdown sequences.  As the WTP flow rate is increased, 
the water level in the filter box increases resulting in a deviation from setpoint that causes the 
filter flow control valve to open.  Similarly, as the headloss across the filters increase, water level 
in the filter inlet increases and flow control valve opens to maintain the setpoint.  If the headloss 
across an individual filter increases faster or slower compared to other online filters, flow 
deviation from setpoint increases and the inlet filter control valve modulates accordingly.

Treated water from the filters flows by gravity to the filter outlet weir control structure in the 
clearwell.  A separate weir chamber is located upstream of the finished water tank that is 
designed with a weir split for a future 2nd tank.  No PID flow control or flow splitting between the 
filter outlet and the clearwell is required until the Phase 2 clearwell is constructed.

High service pumps are operated to maintain the operator selectable WTP flowrate or to 
maintain water levels in finished water tanks during peak demand periods.  The High service 
pumps can also be manually controlled to vary the clearwell level if more or faster turnover is 
needed.

Solids

Unthickened solids from flocculation/sedimentation will be pumped to two gravity thickeners. 
The flow of unthickened solids to the thickeners will be measured with a magnetic flowmeter 
located at the discharge header of the unthickened pumps. Manual valves will be provided to the 
inlet of each thickener, and will normally be open but can be closed to isolate an individual 
thickener. The thickener mechanisms will run at a constant speed, and torque will be monitored. 
High-High torque limit will indicate an overload/failure event that will shut down the mechanism 
drive. Thickened solids will be conveyed to the thickened solids pumps to feed mechanical 
dewatering equipment or dewatering beds. Decant water from the gravity thickeners will flow by 
gravity to the backwash equalization basin to be recycled to the head of the plant.

Three thickened solids pumps will send flows from the gravity thickeners to the mechanical 
dewatering units. The pumps will be controlled in a lead, lag, standby setup with the pumps 
rotating to equalize run times. The thickened solids pumps will be adjustable speed pumps, and 
flow will be measured by a magnetic flowmeter on the combined discharge of the pumps. Each 
mechanical dewatering unit will be supplied with a local control panel to enable for local startup 
and shutdown, and monitoring of equipment status and control functions. Automatic shutdown of 
the mechanical dewatering equipment will be initiated by alarm conditions such as high torque, 
drive motor overload, or high temperature. The specific controls and alarms will depend on the 
selected equipment technology. Screw conveyors will be equipped to move dewatered solids 
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from each dewatering unit to the roll-off bin for hauling and disposal. Each conveyor will be 
equipped with a filling or discharge chute, and slide gates to allow for the isolation of that chute. 
Neat polymer will be stored in totes in the mechanical dewatering building, and will be pumped 
to a polymer feed system. A metering pump will send polymer into the mixing chamber, along 
with dilution water which will be controlled by flow control valves and automated valve for 
on/off control of dilution water. The metering pumps will be adjustable speed, and will adjust 
flow based in the thickened solids flowrates and desired dose of polymer to the thickened solids 
feed.

Each solids dewatering bed will be equipped with a manual plug valve for isolation to select 
which beds are in service. Water will drain through the dewatering bed media and the collection 
pipes below the media will convey decant water to the backwash equalization basins by gravity. 
Overflow pipes will be provided between the beds to allow for excess flows to be distributed to 
the adjacent beds. Solids applied to the bed will naturally dry, and once they have sufficiently 
dried, they will be removed manually with a front end loader and ready for disposal.

Backwash waste and filter to waste from the filters, along with individual basin drains and plant 
overflows will be sent to the backwash equalization basins in a single pipe. This pipe will then 
split to individual feeds for the two basins, with isolation valves provided for each basin inlet. A 
level element will monitor the level in each basin. Level float switches will be included in each 
basin to automatically shut pumps off on low-low level switch, and alarm on high-high level 
switch for overflow conditions. Overflow from the backwash equalization basins will go to the 
solids dewatering beds.

The recycle pumps will be variable speed pumps with a lead/lag/standby set of low flow pumps, 
and a lead/leg set of high flow pumps. The recycle header will be equipped with a magnetic 
flowmeter to measure total recycle flows to the head of the plant. Pump speed will adjust to meet 
an operator set point for recycle flows. If the lead pump cannot meet the flow set point, the lag 
pump will be started to meet the set point. 

7.4.2 Raw Water Flow Control and Water Quality Monitoring  
Operators will coordinate with the Raw Water Facilities and Distribution Facilities to determine 
and set the raw water flow to meet the daily water production and system demands. As designed, 
the WTP will produce and deliver 5 to 32 MGD of drinking water. Plant production rates will 
remain constant to the extent possible to maintain stable plant operations and water quality 
throughout the treatment process.

Operators will also determine how many treatment trains or units will be put into service to meet 
production and water quality goals. In general, conventional treatment facilities can operate 
efficiently with the pretreatment, filtration, and disinfection facilities in service over a wide range 
of flow rates. However, the WTP will differ slightly from other conventional drinking water plants 
because the ozone system will require higher energy inputs and the turn-down ratios will be 
more restrictive than conventional processes.
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Table 7-1 presents the preliminary recommendations for the anticipated units to be put into 
service for WTP and these recommendations will be refined as the project advances and SOPs are 
developed.

Table 7-1. Anticipated Treatment Units in Service at Plant Flow Rates from 5 to 32 MGD

Plant Flow Rapid Mix Floc/Sed Ozone 
Contactors

GAC/Sand 
Filters Clearwells

(MGD) (2 total) (total) (total) (total) (total)
5-12 1 1 1 2 1

12-18 2 2 2 3 1
18-24 2 2 2 4 1
24-32 2 2 2 5 1

Flow will be continuously monitored for the raw and recycled water from the recycle pump 
station. The raw water and blend of raw and recycle waters will be continuously monitored for 
pH, temperature, turbidity, and conductivity. Additional daily grab samples will be collected from 
the raw water and blended raw/recycled water, and analyzed for verification of online 
measurements and process control.
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Section 8
Civil/Site Facilities and Site Master Plan Summary

8.1 Design Requirements
8.1.1 Community Work Group
The Community Working Group (CWG) generated ten (10) key elements for the development of 
the Water2025 site. These elements were considered for the development of site layout 
alternatives and will be considered throughout the ongoing planning and design process to meet 
the CWG goals. The CWG ten (10) key elements are shown in Table 8-1.

Table 8-1. CWG Key Elements

Criteria
High quality product
Sustainably manage natural resources
Reduce energy costs
Preserve green space
Minimize property impacts
Accommodate future growth
Utilizes advanced technologies
Maximize return-on-investment (ROI)
Blend with surrounding community
Flexibility for expanded uses (e.g. public education)

8.1.2 City and Design Team
Several criteria were formulated by the City and the Water2025 design team which are focused 
on constructability, operations, maintenance and future expansion goals. These criteria are 
shown in Table 8-2.
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Table 8-2. City and Design Team Criteria

Criteria Description
Open Space Buffer The site shall include a minimum 50 foot-wide transition buffer from the 

perimeter fence to the property line.
Westminster Blvd Road Widening Development shall include an easement for future widening of Westminster 

Blvd along the western border of the site.
Phased Development from West 
to East

Phase 1 construction work shall favor the western portion of the site with 
future expansions trending to the eastern portion of the site

Utilize Natural Site Topography Building layouts shall utilize natural site topography trending from the south 
to the north to allow for gravity flow through process trains, waste flows, 
drains and overflows

Ease of Maintenance, Access to 
Processes and Equipment

The site layout shall allow for ease of plant staff access to all process areas 
for landscaping, ongoing maintenance and future equipment replacement. 
Minimum roadway widths and turning radius will account for truck and plant 
personnel access and maneuverability.

Security All areas of the facility other than the administration building shall be secure 
with a perimeter fence and gated access points requiring security clearance 
for entry.   

Chemical Delivery The chemical building shall be located such that delivery areas are easily 
accessible by trucks, isolated from the remainder of the site and easy to 
maintain during all seasons.

Waste Hauling Residuals handling facilities shall be located such that solid waste hauling 
trucks can easily access solid waste pick-up stations during all seasons and 
exit the facility without passing through busier sections of the site.

Minimize Proximity of Loud 
Equipment to Neighbors

Facilities that may project unwanted noise levels (such as the finished water 
pump station) shall we located closer to Westminster Blvd

Envision Goals All site layout design elements shall maximize evaluation criteria for project 
Envision goals

Operator Mobility The site shall be arranged to allow operator mobility, by foot or vehicle, to all 
process areas, buildings and equipment

Construction Cost Layouts shall consider impacts to construction costs including, but not 
limited to, concrete requirements, yard piping, cut and fill and roadways

Future Plant Expansion/Phasing The site plan shall allow for all future phased plant expansion infrastructure 
including process footprints, future connections, yard piping and access

Constructability All non-specialized elements of the site layout shall be designed for a 
contractor to build in a safe and cost-effective manner

Site Utilization Site layouts shall aim to maximize use of the entire 40 acre property 
footprint

8.1.3 Base Map, Survey Datum and Coordinate System
A topographic and boundary survey of the 40 acre WTP site was completed by Olsson in 
September 2020. This survey established topographical contours in 1 foot intervals across the 
site and established the location of relevant visual or physical features. The following datum 
systems were utilized:

 BASIS OF BEARINGS: (Grid) Bearings are based upon the Range line in South Raleigh Street 
being monumented at the by Denver Range Point # 11775, being a found axle in range box, 
from which Denver Range Point # 03771, being a found axle in range box, bears S00°31'29” 



Section 8    Civil/Site Facilities and Site Master Plan Summary
City of Westminster Basis of Design Report

Water 2025
June 21, 2021

Page 8-3

E a ground distance of 475.00 feet, as determined by GPS observations referenced to the 
Colorado State Plane Coordinate System, North Zone (NAD83).

 Units shown are US Survey Feet, ground distances.

 Combined Scale factor of 0.99971967 (Reciprocal is 1.000280409).

 Vertical Datum based on City of Denver Benchmark 462B being a Brass Cap near the 
intersection of Morrison Road and Raleigh Street, with a published elevation of 5383.03 
(NAVD88).

The following additional documents were referenced:

 Subject Deed: City and County of Denver (Reception No. 2014153574).

 Plats: Koll Peoria Center Filing No. 1 (Reception No. 9900000721).

 Surveys:

 60-035 (Survey by American West 2005).

 118-102 (ALTA Survey by Bell Surveying 2017).

 Book 90, Pages 195-196:  ALTA Survey by Flatirons 2012 (Reception No. L013860).

 Book 105, Page 111-113:  ISP by Flatirons 2015 (Reception No. L0161185).

Locations of control points established by Olsson to be referenced during detailed design and 
construction are summarized in Table 8-3.

Table 8-3. Survey Control Points Table

Point Northing Easting Elevation Description
1 1198684.90 3123435.17 5364.56 #5 Rebar with Red Plastic Cap “Olsson Control”
2 1198935.58 3123160.10 5355.02 #5 Rebar with Red Plastic Cap “Olsson Control”
3 1199302.42 3122918.22 5347.34 #5 Rebar with Red Plastic Cap “Olsson Control”
4 1199729.45 3122696.13 5333.10 #5 Rebar with Red Plastic Cap “Olsson Control”
5 1200705.35 3122333.10 5309.82 #5 Rebar with Red Plastic Cap “Olsson Control”

306 1198420.68 3123982.20 5379.12 Benchmark L453
600 1196497.55 3120966.80 5378.82 #5 Rebar with Red Plastic Cap “Olsson Control”

It is not anticipated that any additional surveying will be required for design; however, 
unforeseen subsurface features or modifications to adjacent infrastructure or topography may 
require additional surveying. These may include:

 Adjacent construction projects including Westminster Blvd road widening, raw water 
pipeline construction, or finished water pipeline construction.
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 Buried impediments including concrete structures, tanks, or unmarked utilities.

 Culturally significant objects.

8.1.4 Earthwork and Site Preparation
As is noted throughout this Section, earthwork activities will broadly meet the minimum 
requirements recommended in Olsson’s Geotechnical Report, dated May 10, 2021 (Appendix A) 
including over-excavation of expansive clays under structures and replacement with structural 
fill. More stringent measures may be required for special construction, specified by the City or 
incorporated during the detailed design phase for other reasons.

8.1.4.1 General Site and Subgrade Preparation
General site and subgrade preparation shall meet the minimum recommendations listed in 
Section 5.1 of the Geotechnical Report.

 All topsoil, vegetation, major root systems, organic soils, and any loose, soft, or otherwise 
unsuitable or deleterious material should be stripped and removed from the entire 
construction area.

 After grubbing, stripping, demolition, site grading, and any required excavation, but prior to 
placement of structures, pavements, or fill in areas below design grade, the exposed soil 
subgrades should be prepared by scarifying, moisture conditioning, and recompacting at 
least the upper 12 inches of exposed surface as recommended in Section 5.2 of the 
Geotechnical Report. 

 Over excavated areas should be backfilled with controlled and engineer approved select or 
structural fill as appropriate, in accordance with Section 5.2 of the Geotechnical Report.

8.1.4.2 Structural Fill
Guidance for structural fills shall meet the minimum recommendations listed in Section 5.2 of 
the Geotechnical Report.

 The on-site lean clays are suitable for reuse as structural fill provided the higher plasticity 
soils are blended with lower plasticity soils.

 Fat clays are not appropriate for use as structural fills or as retaining wall backfill but may 
be placed as general site landscaping fill in areas that are not intended for future facility 
expansions. Clays that are placed in areas to be landscaped shall be overlain with a 
minimum of 6 inch of topsoil to promote the establishment of vegetation.

8.1.4.3 Drainage Considerations
Information and guidance for broader drainage considerations shall meet the minimum 
recommendations listed in Section 5.3 of the Geotechnical Report.

 Water should not be allowed to collect at the ground surfaces near foundations, critical 
project elements, or areas of new pavement, either during or after construction.
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 Underdrain systems are recommended for below grade construction to help protect and 
prevent hydrostatic pressure buildup of foundation walls and to reduce the potential 
settlement of fill material.

 Landscape irrigation amounts should be reduced with the use of xeriscaping. Xeriscape 
rather than traditional landscaping is recommended near buildings and other critical 
structures.

8.1.4.4 Temporary Slopes and Excavations
Information and guidance for temporary slopes and excavations shall meet the minimum 
recommendations listed in Section 5.4 of the Geotechnical Report.

 The slope height, slope inclination, and excavation depths (including utility trench 
excavations) should in no case exceed those specified in local, state, or federal safety 
regulation; e.g., OSHA Health and Safety Standards for Excavations, 29 CFR Part 1926, or 
successor regulations.

 Temporary slopes exceeding 5H:1V should be properly benched prior to placement of new 
fill to reduce the potential for slippage between existing slopes and fills.

 Permanent fill and cut slopes at the site should not exceed 3H:1V. Where steeper slopes are 
planned, additional analysis should be performed once grading plans have been developed.

 If excavations, including utility trenches, are extended to depths of more than 20 feet, OSHA 
requires that the side slopes of such excavations be designed by a professional engineer 
registered in the state where construction is occurring. Utility trench shoring may also be 
necessary in areas constrained by existing structures or infrastructure.

8.1.4.5 Utilities
Guidance for pipeline trenching, placement, backfill and compaction activities shall meet the 
minimum recommendations listed in Section 5.5 of the Geotechnical Report.

8.1.4.6 Construction Equipment Mobility
Recommendations for managing the effect of continued construction and equipment mobility on 
site shall meet the minimum requirements listed in Section 5.6 of the Geotechnical Report. 
General guidance for reducing equipment mobility problems and addressing potential soft and 
wet surface soils include:

 Optimize surface water drainage at the site during construction.

 Whenever possible, wait for dry weather conditions to prevail, and do not operate 
construction equipment on the site during wet conditions. Temporarily recompact loose 
subgrade soils if rain is forecast to promote site drainage and reduce moisture infiltration. 
Ruts caused by construction vehicle traffic will accelerate subgrade disturbance.

 Disc or scarify wet surface soils during periods of favorable weather to accelerate drying.
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 Use construction equipment that is well suited for the intended job under the existing site 
conditions. Heavy rubber-tired equipment typically requires better site conditions than 
lightly loaded track-mounted equipment.

 Do not track construction or other heavy equipment over areas slated for stormwater 
management as the compaction of the soil will reduce the infiltration capacity negatively 
effecting the future performance of the facility.

8.1.4.7 Grading and Permanent Slopes
The grading design shall meet the minimum recommendations noted in Section 2.00.00 of the 
City of Westminster Specifications for the Design and Construction of Public Improvements, 2019 
Edition (City Standards). All grading activities shall be performed in a manner to minimize dust, 
noise, excessive accumulation of debris, danger to the public, and interference with other 
construction.

Leveling of site grade elevations, roadways, and swales shall conform to the following grades as 
much as possible, unless where necessary to match specialty existing grades:

 Maximum slope for areas to be seeded or sodded – 4 horizontal: 1 vertical.

 Slopes steeper than 4:1 that require vegetating shall be treated with Turf Reinforced 
Matting (TRM) or shall receive stake sod.

Final grading plans shall conform to the final stormwater development plan and facility layout.

8.1.5 Roadways
The following design criteria will be used for roadway design.

8.1.5.1 Minimum Width
Main access roads will have a minimum travel way of 24 feet excluding gutters and sidewalk, 
unless when meeting existing access roads with a narrower travel way. A minimum 24 foot travel 
way assumes two-way truck traffic. Service roads will have a minimum traveled way of 12 feet 
excluding gutters and sidewalk.  Parking areas will generally consist of asphalt pavement with 
concrete curbs. The use of green infrastructure such as permeable pavers will be considered in 
areas not subject to heavy truck traffic. The use of permeable pavers would provide additional 
stormwater storage and water quality treatment.

8.1.5.2 Roadway Design Loading
HS-20 per AASHTO Standards.

8.1.5.3 Minimum Curve Radius
The design vehicle for site roads reflects a truck tractor-semitrailer with the following 
dimensions:

 Maximum overall bumper-to-bumper length: 73.5 feet,
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 Kingpin-to-rear axle length: 53 feet (for semitrailers with two or more axles),

 Maximum width: 8.5 feet,

 Right turn curb-to-curb radius: 45 feet.

This design vehicle reflects the largest vehicle that could be expected to make chemical deliveries 
to the site and is larger than any other vehicle currently used or anticipated at the site, including 
fire trucks, flatbed trucks, maintenance trucks, pickup trucks, chemical delivery trucks and solids 
handling trucks.  The site plan will be reviewed with the fire department to confirm that site 
access and turning radii are acceptable.

8.1.5.4 Maximum Slope
The maximum allowable roadway longitudinal slope shall be 8 percent.

8.1.5.5 Preliminary Minimum Pavement Sections
Pavement sections will be designed in accordance with recommendations of the Geotechnical 
Report and City Standards. Criteria for pavement subgrade preparation shall conform to 
recommendations in Section 7.1 of the Geotechnical Report.  Specific pavement design value 
assumptions are noted in Section 7.2 of the Geotechnical Report. Preliminary Minimum 
Pavement Sections are summarized in Table 8-4 and in the Geotechnical Report.

Table 8-4. Minimum Pavement Sections
Standard Duty Pavement

Hot Mix Asphalt (HMA)
4.0 inches HMA

7 inches Aggregate Base Course
Structural Fill per Sections 5.2 and 7.1

Prepared Subgrade per Section 5.1

Portland Concrete Cement Pavement (PCCP)
4.5 inches PCCP

4 inches Aggregate Base Course
Structural Fill per Sections 5.2 and 7.1

Prepared Subgrade per Section 5.1
Heavy Duty Pavement

Hot Mix Asphalt (HMA)
6 inches HMA

6 inches Aggregate Base Course
Structural Fill per Sections 5.2 and 7.1

Prepared Subgrade per Section 5.1

Portland Concrete Cement Pavement (PCCP)
6 inches PCCP

4 inches Aggregate Base Course
Structural Fill per Sections 5.2 and 7.1

Prepared Subgrade per Section 5.1
Note: The aggregate base should consist of well graded sand and gravel conforming to CDOT Class 6 
Aggregate Base material compacted per the Section 5.2.

Due to shallow corrosive soils in the vicinity of boring B-16, subgrade preparation should follow 
chemical treatment recommendations in Section 7.3 of the Geotechnical Report.

Rigid concrete pavement will be used in areas designated for heavily loaded trucks, lanes or 
concentrated lanes of repetitive traffic, or in non-designated areas that could experience turning 
truck traffic.
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8.1.5.6 Special Construction
It is not anticipated that all new facilities will need to meet the requirements of the Americans 
with Disabilities Act (ADA).  The need for ADA-compliant access at each new facility will be 
reviewed on a case-by-case basis with City staff.

Joints in concrete slabs and walkways adjoining the liquid oxygen storage area must have non-
combustible joints (e.g., no pre-molded joint fillers) in case of a liquid oxygen spill.

No catch basins, manholes, handholes, or similar vaults can be located within 25 feet of the liquid 
oxygen truck unloading area.

8.1.5.7 Striping and Marking
Striping, signage, and markings, where used to direct or control site traffic, will conform to the 
Manual on Uniform Traffic Control Devices (MUTCD) latest edition.

8.2 Site Plan
8.2.1 Design Alternatives
Three site plan alternatives were developed and discussed during previous TMs and workshops. 
Each alternative offered a relatively unique approach for the facility footprint, yard piping and 
accessibility, but consistencies were observable across all layouts to meet goals for 
constructability, operations, maintenance, and CWG key elements. Conceptual footprints for 
residuals handling facilities were consistent across each alternative. Access for each alternative 
was from the west. Each alternative included a perimeter security fence and gates with a 
development easement to the west for Westminster Blvd road widening activities and a 50 foot 
open space transition buffer to the north, east and south. The site plan alternatives are shown in 
Table 8-4.

Table 8-4. Site Plan Alternatives

No. Name TM / Workshop No.
1 Campus Layout
2 Compact Layout
3 Hybrid Layout

TM 20
Workshop PD02 Site Plan

8.2.2 Recommended Site Layout
The recommended site layout is the Hybrid Layout. The arrangement takes advantage of common 
wall construction methods for Phase 1 and future phased process building expansions. The 
chemical, maintenance, and warehouse buildings are all separate. A below-grade utility corridor 
connects the chemical building to the process trains. The site plan for full site buildout is shown 
in Figure 8-1.
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Replace with 11x17 PDF file

Figure 8-1. Proposed Site Plan



Section 8    Civil/Site Facilities and Site Master Plan Summary
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 8-10

8.2.3 Phase 1 Approach
During Phase 1 a 30 MGD capacity facility will be constructed that consists of two 15 MGD trains. 
Phase 1 design and construction methods will need to incorporate connections and structural 
features for future expansions discussed in Section 8.2.4. The chemical building, electrical 
building, and HSPS will be constructed during Phase 1 but sized for Phase 2 buildout; however, 
only Phase 1 equipment will be installed during Phase 1. The site plan shown in Figure 8.2 
highlights Phase 1 construction in color.
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Figure 8-2. Proposed Phase 1 Site Plan



Section 8    Civil/Site Facilities and Site Master Plan Summary
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 8-12

The proposed site layout and Phase 1 approach provides the following benefits:

 Utilizes common wall construction with a shared utility corridor for the Phase 2 treatment 
module.

 The utility corridor is used for chemical dosing lines without needing a common wall for all 
process trains.

 Relative spacing between structures and future process trains allow greater exterior 
access.

 Location of chemical building allows for easy delivery of material to site and has simplified 
chemical piping routing.

 South facing chemical building and access road allow for accelerated ice melting in the 
winter.

 Chemical building and lime silo are in close to primary dosing points for lime, ferric 
chloride, and permanganate.

8.2.4 Build-out Approach
The site layout will be designed to accommodate a second 30 MGD capacity facility during Phase 
2, and a Phase 1/2 replacement facility (30 MGD) without taking Phase 1/2 offline. The buildout 
approach provides the following benefits:

 Provides a buffer area to the east (preferred by City) by consolidating the footprint for the 
Phase 1 and 2 treatment modules further to west with common utility corridor.

 The Phase 1 utility corridor is used for chemical dosing lines for Phase 1 and Phase 2 
treatment modules, eliminating the need for two below grade pipe corridors between the 
chemical building and Phase 1 and Phase 2 treatment modules.

8.3 Yard Piping
The following design criteria will be used for yard piping design.

 Minimum Depth of Cover for Buried Pipes: 5 feet, per City Standards.

 Storm sewer to have minimum cover of 12 inches below top of subgrade, Per City 
Standards.

 Buried Piping Under Structures: All piping buried under structures, except for perforated 
drainage pipe, will be concrete encased or embedded in controlled density fill.

 Maximum Velocity (Intermittent) for Pressure Piping: 10 feet per second.

 Maximum Velocity (Typical) for Pressure Piping: 7 feet per second.

 Minimum Velocity for Sanitary Sewers: 2 feet per second flowing one-half full.
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Underground utility marking tape will be provided for all yard piping.

8.3.1 Yard Valves and Hydrants
The following design criteria will be used for selecting hydrants and buried valves:

 Buried Valves (12 inch and smaller): Gate valve, per City Standards, Section 3.54.02.

 Buried Valves (16 inch and larger): Butterfly valve, per City Standards, Section 3.54.03. 
There shall be no direct bury butterfly valves.

 Valve Boxes: Cast-iron, two-piece screw-type valve box with extensions (as needed) per 
City Standards, Section 3.54.04.

 Fire Hydrants: Waterous, Pacer Model WB-67-250, per City Standards, Section 3.55.00.

Identification markers will be provided for all valves.

8.3.2 Manholes and Vaults
All buried manholes and vaults shall conform to the City Standards, Section 3.57.00.

8.3.3 Soil Corrosiveness and Corrosion Control
Laboratory testing was performed on two (2) bulk soil samples from the site to determine pH, 
water-soluble sulfate content, water soluble chloride content, and electrical resistivity to evaluate 
the corrosiveness of the material. The results are presented in Table 8-5.

Table 8-5. Soil Corrosion Series Test Results

Test/Sample Location Soil Type
Water Soluble 

Sulfate (% 
mass)

Water Soluble 
Chloride (% 

mass)
pH Soil Resistivity 

(ohms-cm)

B-3, 9 to 15.5 feet Claystone 0.01 0.023 7.22 357
B-10, 3.5 to 7.5 feet Sandy Clay 0.09 0.019 7.63 457

The resistivity values indicate that the onsite sandy clay soils and claystone bedrock from the 
bulk samples are considered severely corrosive to buried metal objects. The onsite soils and rock 
classify as S0 exposure class indicating no specific cement type is required per ACI 318, based on 
sulfate levels less than 0.1 percent by mass.

All buried metallic piping systems unprotected from native soil will require a cathodic protection 
system. Details and locations for cathodic protection system components including test stations, 
anode placement, bonding details and metallic isolation kits will be designed once the full scope 
of buried metallic infrastructure is determined.

8.3.4 Buried Service Materials of Construction
Table 8-6 summarizes a preliminary list of buried pipeline materials by service. This list does not 
include interior process piping, chemical piping, electrical conduit or plumbing materials.
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Table 8-6. Pipe Materials by Service

Service Material Lining
Process: Backwash Supply Steel, AWWA C200 Cement-mortar lining

Process: Backwash Waste PVC, AWWA C900 N/A

Process: Drain PVC, AWWA C900 N/A

Process: Finished Water Steel, AWWA C200 Cement-mortar lining

Process: High Service Steel, AWWA C200 Cement-mortar lining

Process: Raw Water Steel, AWWA C200 Cement-mortar lining

Process: Solids PVC, AWWA C900 N/A

Process: Solids Decant / Recycle PVC, AWWA C900 N/A
Process: Thickened Solids PVC, AWWA C900 N/A

Utility: Fire PVC, AWWA C900 N/A

Utility: Sanitary PVC, AWWA C900 N/A

Utility: Plant/Service Water PVC, AWWA C900 N/A

Utility: Storm RCP, AWWA C302 N/A

8.3.5 Primary Tie-in Points
Raw Water: Plans for a new 42 inch raw water pipeline to the site is proposed to be connected 
near the Semper Water Treatment Plant. Conceptual alignments (Appendix B) show the new raw 
water pipeline routed north along Westminster Blvd and entering the site from the south. The 
raw water pipeline will make its final connection with the new facility’s raw water treatment 
building at the southern border of the site.

Finished Water: Conceptual alignments for the new finished water pipeline (off-site) show 
alignments south for connections at 98th Avenue or 92nd Avenue and an alternative route north 
for a connection along Westminster Blvd (Appendix B). Finished water from the Water2025 site 
will be conveyed from the finished water pump station to the western edge of the property for a 
tie-in with the new finished water pipeline at Westminster Blvd.

The optimal location for a finished water tie-in would be approximately half-way up the western 
edge of the site.

Sanitary: Manholes for sanitary tie-ins do not currently exist at locations adjacent to the site. The 
property is surrounded to the north, east and south by undeveloped open space and to the west 
by Highway 36. Conceptual plans for a new sanitary collector pipe consider two alternatives that 
would extend municipal sewer lines to the northeast corner or northwest corner of the site, 
respectively (Appendix B).

The optimal location for a new sanitary tie-in point would we on the northwestern edge of the 
site to convey flows via gravity by taking advantage of natural site topography.
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8.4 Drainage
8.4.1 Site Description
The project site consists of approximately 41 acres of undeveloped land directly East of Highway 
36. The area is understood to have been previously occupied by small-scale agricultural space 
and possibly some residences, though it has been completely unoccupied for at least 10-15 years 
based on a review of aerial photography. The site is primarily vegetated with grasses, shrubs, 
weeds, and a small number of mature trees. The primary existing entrance to the site is a pull off 
on the Northeast side of Westminster Blvd. An unmaintained, unpaved road cuts through the site 
running North-South, though much has been reclaimed by vegetation. Various debris and other 
remnants of previous structures have been found throughout the site.

The site generally slopes South to Northwest at an average grade of approximately 2.8%. There is 
a mild depression on the center, Northern area of the site with a maximum depth of 
approximately one foot as compared to adjacent grade, as illustrated on the Topography Map 
shown in Figure 8-2. According to the National Resources Conservation Service’s (NRCS) Soil 
Survey, the hydrologic soil group for the site is uniformly Type C, indicating soils which are 
moderately fine in texture and not well draining. Refer to the Drainage Report (TM 9) for further 
information.

Figure 8-2. Water2025 Topography Map



Section 8    Civil/Site Facilities and Site Master Plan Summary
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 8-16

8.4.2 Major Basin Description
The project site consists of one large basin located at the top of the watershed that generally 
drains from the South boundary towards the Northwest corner of the site at an average grade of 
2.8%, routing runoff towards Big Dry Creek to the North. As summarized previously, the site will 
be developed into a potable water treatment plant with a number of freestanding buildings, 
process treatment infrastructure, water storage tanks, and solids drying beds. In proposed 
conditions, the fully developed site will drain to proposed on-site detention features which will be 
designed to maintain historic flow patterns and release flows to drain toward the adjacent Big 
Dry Creek at equivalent or lower flow rates than predevelopment conditions. The developed site 
will not affect any outfalls.

8.4.3 Sub-Basin and Site Drainage
The site was divided into seven drainage sub-basins as shown in the Drainage Map presented in 
Figure 8-3. The critical data estimated for each sub-basin is total area, percent imperviousness of 
the proposed layout, runoff coefficient, overland and channelized flow paths, basin slopes, time of 
concentration, and major and minor storm peak runoff flow rates. The sub-basins will each drain 
to swales/stormwater detention basins which will be routed through a series of culverts to 
ultimately outlet to the northwest corner of the property which sends water downstream to Big 
Dry Creek. A level spreader is proposed along the northern boundary of the site to allow for 
discharges to be released as sheet rather than concentrated flow to replicate existing site 
discharge patterns.

As the site progresses from preliminary to final design future deliverables will continue to refine 
details of the proposed conditions layout and details related to sub-basins and related attributes.
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Figure 8-3. Water2025 Drainage Map

8.4.4 Drainage Design Criteria
Per the City of Westminster Storm Drainage Design and Technical Criteria Manual, storm 
drainage systems analysis and design will be developed to meet or exceed the guidelines and 
criteria outlined by the Urban Drainage and Flood Control District (UDFCD), now the Mile High 
Flood District (MHFD) Criteria Manual Volumes 1, 2, 3, updated 2019.

 8.4.5 Drainage Studies, Outfall System Plans, Site Constraints
The site is located in FEMA FIRM map panels #08059C0089F and #08059C0093F. The adjacent 
Big Dry Creek and South Branch Hylands Creek are Regulatory Floodways. The entire site 
footprint is location within a FEMA Zone X unshaded area, meaning that the area has been 
determined to fall outside of the 0.2% annual chance flood hazard area (the 500-year floodplain). 
The relevant FEMA FIRM panels are included in Appendix C. This project will not affect or alter 
the FEMA floodplain.

8.4.6 Hydrology
Rainfall depths were estimated using NOAA Atlas 14. The 1-hour point precipitation values for 
the site are as presented in Table 8-7.
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Table 8-7. Characteristic Rainfall Depths for Major and Minor Storms

One Hour Rainfall (in)
2-year (minor) 5-year (minor) 100-year (major)

0.97 1.10 2.45

8.4.7 Hydraulics
Hydraulic capacity for the proposed drainage system is designed in accordance with UDFCD 
Criteria Manual Volumes 1, 2, 3, updated 2019.

Detention storage calculations were performed using UD-Detention v3.07 (February 2017) 
developed by MHFD, formerly UDFCD. Both the required Water Quality Capture Volume (WQCV) 
and the Excess Urban Runoff Volume (EURV) were calculated, with the EURV resulting in greater 
storage requirements. Supporting calculations can be found in TM 9.

Total runoff calculations for each sub-basin were performed using the UD-Rational v2.00 (May 
2017) developed by MHFD, formerly UDFCD. The proposed network of basins and flow patterns 
was then used to determine the peak flow coming to each pipe. Flow Master was utilized for 
sizing the pipes. 1% slope was assumed for all pipe sections. Supporting calculations are included 
in TM 9. Recommended culvert/pipe locations are illustrated in Figure 8-3. The recommended 
pipe sizes are presented in Table 8-8 below.

Table 8-8. Recommended Pipe Sizes and Associated Peak Flows for Major and Minor Storms

Name Peak Flow 
2 Yr (cfs)

Peak Flow 
5 Yr (cfs)

Peak Flow 
100 Yr (cfs)

Recommended 
Diameter (inches) 

RCP
Pipe A1 1.24 1.78 8.10 18

Pipe B1 2.00 2.47 7.13 16

Pipe B2 2.00 2.47 7.13 16

Pipe B3 2.00 2.47 7.13 16

Pipe C1 1.67 2.53 13.54 20

Pipe D1 1.58 2.35 11.78 20

Pipe D2 1.58 2.35 11.78 20

Pipe E1 3.09 4.19 16.78 24

Pipe E2 12.36 16.77 67.11 42*

Pipe F1 14.45 20.33 92.10 42*

Pipe G1 14.78 20.96 97.49 42*
*Note: for larger pipe sizes, further design refinements may utilize equivalent capacity smaller diameter pipes in parallel or 
increase slope to avoid prohibitively large pipe sizes.
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8.4.8 Water Quality Enhancement
The preliminary design anticipates rain gardens/bioretention basins to improve discharge water 
quality. These features are considered typical Best Management Practices (BMPs). Volume 3 of 
UDFCD’s Criteria Manual has more information about the applicability of this BMP and related 
water quality benefits.

8.4.9 Groundwater Investigation
A site-specific geotechnical investigation was conducted at the project site in October of 2020 by 
Olsson, Inc. Section 5.3 of the report, ‘Preliminary Geotechnical Engineering Report Westminster 
Water Treatment Plant’, includes drainage considerations which will be taken into account during 
the ongoing design of stormwater related features. Drainage recommendations include:

 Provide for efficient drainage of runoff away from new structures and prevent ponding 
near foundation elements.

 Place drainage swales or outlets at least 10 feet away from any foundation elements or 
critical structures.

 Provide related maintenance guidance for proper ongoing functionality of the system.

8.4.10 Stormwater Management Facility Design General Concept
The goal of the proposed stormwater management system is to preserve and replicate existing 
stormwater flow paths and patterns in the area. This will be accomplished through the following 
onsite practices:

 Convey on-site stormwater runoff using a series of stormwater pipes and swales to 
stormwater treatment facilities located throughout the site footprint that will attenuate and 
treat runoff prior to being discharged from the site en route to Big Dry Creek located north 
of the site.

 Various Green Infrastructure Best Management Practices (BMPs) including rain 
gardens/bioretention will be employed, based on MHFD standards, to capture and retain 
water such that the volume of water released from the site is equivalent or less than the 
volume of water running off under existing conditions.

 Total storage volume for the site at this preliminary design level is based on the most 
conservative volume calculated between two volume estimation methods for Extended 
Detention Basins: the Water Quality Capture Volume (WQCV), and Excess Urban Runoff 
Volume (EURV).

 To determine the total storage volume, the selected site plan was reviewed and the total 
impervious area was determined. A 20% buffer was applied to conservatively allow for 
ongoing site modifications.

 The more conservative volume calculated was based on EURV and indicated a total storage 
needed of approximately 1.3 acre-ft.
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 Outlet control structures will be designed to release detained stormwater from the 
developed site at or below the predeveloped runoff rates for the entire range of flow 
frequency events, with the 100-year event maximum runoff not exceeding 90% of the 
predevelopment rates per MHFD criteria.

 Based on the current site plan, sub-basins were delineated and evaluated for key 
characteristics such as percent impervious and slope. Note that elements of site design such 
as grading are still in progress therefore refinements will continue to be made as the design 
progresses.

 The sub-basins were evaluated using the rational method to determine peak flows for the 
events of interest (2-year, 5-year, and 100-year storms) and capacities of proposed 
stormwater pipes were evaluated.

The goal is to obtain Envision Gold or Platinum certification based on the criteria established by 
the Institute for Sustainable Infrastructure. This will be accomplished in part by utilizing the BMP 
treatment train approach to implement a number of Green Infrastructure practices in series that 
will allow the site to fully treat site stormwater runoff, resulting in a project that holistically fits in 
with the surrounding landscape. Additional details with respect to site sustainability are 
contained within Section 8.6.

8.4.11 Specific Details
The orientation of sub-basins and pipes referred to in this section are illustrated in Figure 8-3.

Sub-basin A (2.9 acres) runs along the southern border and highest elevation area of the site. It 
includes the future treatment process area as well as a paved portion of road with space for truck 
turnaround radius. Minor offsite flows may enter this area in existing conditions, in final 
proposed conditions grading in this area will be such that existing flow patterns are maintained. 
Runoff from this basin will flow from south to northwest and be collected by a grass swale along 
the northern border of the basin and intercepted by the inlet Pipe A1 where it will be routed to 
sub-basin C.

Sub-basin B (5.1 acres) is located directly north of sub-basin A and includes primarily impervious 
building surfaces and some paved areas. The buildings in this basin include many of the key 
treatment elements of the WTP. Runoff from this basin will flow from south to north and be 
collected by a series of short swales intercepted by three equal capacity inlets (Pipes B1, B2, and 
B3) which send all runoff to sub-basin E.

Sub-basin C (2.3 acres) is located adjacent to Westminster Blvd downstream of sub-basin A and 
west of sub-basin B. This basin is comprised of undeveloped area, roads, and some parking. 
Runoff from this basin flows from south to north and will be collected by a stormwater swale 
running along the eastern side of the basin and intercepted by the inlet Pipe C1 where all runoff 
will be sent to sub-basin D.

Sub-basin D (3.6 acres) is located adjacent to Westminster Blvd northwest of sub-basin C. This 
basin includes undeveloped area, roads, several buildings and a patio area, parking, and 
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pedestrian walkways. Runoff from this basin flows south to north and will be collected by a swale 
running along the northern border of the catchment and intercepted by Pipes D1 and D2 which 
route all runoff to sub-basin E.

Sub-basin E (8.3 acres) is in the center of the site layout and spans most of the width of the site. It 
includes five treatment tanks and dewatering as well as a construction laydown area and 
associated access roads. Runoff from this basin flows south to north and will exit the sub-basin in 
the northwest corner. Swales along the northern border of the basin collect the runoff and route 
it from east to west, where all runoff is intercepted by Pipe E2 and sent to sub-basin F.

Sub-basin F (11.5 acres) is directly north of sub-basin E and defines the northern border of the 
project site.  This basin includes three residuals drying beds, associated access roads, parking, 
and a large construction laydown area. Note that for the purposes of this analysis the drying beds 
were removed from calculations as they are self-draining and do not contribute to impervious 
area. Runoff from this basin flows primarily east to west and is collected by a swale running along 
the western boundary of the basin, then intercepted by pipe F1 and sent to sub-basin G.

Sub-basin G (2.6 acres) is the most downstream basin of the site which is located in the northwest 
corner bordering Westminster Blvd. It includes primarily undeveloped area and paved roads 
which provide access to the site from Westminster Blvd. Runoff flows from southeast to 
northwest and is collected by a swale at the northern end of the basin, where it is routed offsite 
by Pipe G1 and will ultimately flow north to Big Dry Creek.

8.4.12 Compliance with Standards
The drainage design for this project has been, and will continue to be, performed in accordance 
with the UDFCD/MHFD Volumes 1, 2, and 3, as dictated by City of Westminster guidance (City of 
Westminster Storm Drainage Design and Technical Criteria Manual, 2019). No existing studies 
dictate specific drainage requirements related to the project site.

8.4.13 Drainage Concept
The proposed development will have no negative drainage impacts on upstream and downstream 
areas. Runoff from the site will be, at maximum, equivalent to existing flow off the site for the 
entire range of storm events with the 100-year event maximum runoff not exceeding 90% of the 
predevelopment rates per MHFD criteria. It is anticipated that as the project progresses through 
detailed design the site stormwater infrastructure will be refined as needed.

8.5 Traffic Control Strategy
Development of the Westminster Water2025 Preliminary design Project (Project) would impact 
existing traffic patterns and traffic volumes during construction and subsequent operation of the 
water treatment plant (WTP). The current design places the chemical building and higher traffic 
demand areas closer to Westminster Boulevard, and reflects separate entrances for 
trucks/chemical deliveries and public access to the administration building.

As part of the Project, a Transportation Impact Study (TIS) was completed in April 2021 to 
analyze the traffic impacts of the Water2025 WTP on the surrounding roadway network. The TIS 



Section 8    Civil/Site Facilities and Site Master Plan Summary
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 8-22

documents traffic volumes that would be added to the roadway network and includes 
recommendations related to site access and public improvements. The TIS was conducted in 
accordance with the guidance in Chapter 8 (Traffic) of the City of Westminster’s (City’s) 
Standards and Specifications (2019) and the Institute of Transportation Engineers (ITE) Traffic 
Engineering Handbook (2016). The purpose of the TIS was to establish the expected traffic 
volumes that would be generated by the planned WTP that would be located on the northeast 
corner of Westminster Boulevard and 98th Avenue in Westminster, Colorado. In summary:

 The TIS analyzed impacts to the surrounding street network from development of the WTP 
based on three horizon year conditions: 2025 Construction, 2035 Construction plus 
Operations, and 2040 Operations.

 In most background scenarios which exclude development of the WTP site, the signalized 
intersections are expected to operate at level of service (LOS) C or better in the short term 
(2025) scenario. By 2035, the Westminster Boulevard and 104th Avenue intersection is 
expected to operate at LOS D. Several turning movements are expected to operate at LOS E 
or LOS F in those scenarios.

 Note: The amount of control delay is equated to a grade or LOS based on thresholds 
of driver acceptance. The amount of delay is assigned a letter grade A through F, with 
LOS A representing little or no delay and LOS F representing very high delay.

 At the peak during 2035 Construction plus Operations, the Project is expected to generate 
800 daily trips and approximately 150 trips in each peak hour. When comparing the 
background to the background plus the WTP site capacity analysis in 2035, the expected 
delay increases minimally by 2 seconds or less at most turning movements. The exceptions 
to this include:

 Delays for northbound left turns at Sheridan Boulevard and 98th Avenue are 
expected to increase by 5-10 seconds. In the 2035 background condition morning 
(AM) and evening (PM) peak hours, this movement is already operating at a LOS D or 
LOS F.

 Delays for eastbound left turns at Sheridan Boulevard and 98th Avenue are expected 
to increase by added traffic.

 Delays for westbound left turns at Westminster Boulevard and 98th Avenue are 
expected to increase by 34 seconds in the evening peak hour. This is expected to 
increase delays and make this movement a LOS F at this stop-controlled intersection.

 While nearly all stop-controlled movements are expected to operate with acceptable delay, 
the eastbound left turn at Sheridan Boulevard and 98th Avenue currently operates at LOS F 
with increasing delays through the horizon years of the TIS. Absent the addition of 
significant traffic volumes from other adjacent developments, it is not anticipated that this 
intersection would satisfy signal warrants. As such, this intersection should be evaluated 
for turning movement restrictions – namely the eastbound left turn – when Sheridan 
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Boulevard is improved to its ultimate section. There is expected to be adequate capacity in 
other intersections within the area to accept the re-routed traffic.

 To mitigate worsening delays at intersections, it is recommended haul routes to the WTP 
site avoid using the eastbound left movement at Sheridan Boulevard and 98th Avenue. It is 
recommended that haul traffic be routed to the WTP site via U.S. Highway 36, a dedicated 
haul route, to Westminster Boulevard and 104th Avenue, which provides the most direct 
access to the site.

 Several improvements to the multi-modal network are anticipated for the area around the 
proposed WTP and are discussed in the TIS. Site improvements should be constructed such 
that they do not interfere or conflict with planned multi-modal network improvements. 
Where possible and as budget allows, improvements such as trails, sidewalks, or bike lanes 
adjacent to the site should be constructed with construction of the site.

 The site is planned to be accessed by three driveways from Westminster Boulevard, which 
is a Minor Arterial roadway. Access to individual parcels is permitted for this classification 
of roadway.

 It is anticipated that traffic generated by the Project would not necessarily warrant the 
widening of Westminster Boulevard based on the roadway capacity and operational LOS of 
nearby intersections.

 It is anticipated that driveway volumes would not exceed the thresholds for deceleration 
lanes; however, as Westminster Boulevard is improved to its ultimate section, left-turn 
lanes should be planned for site drives. Current driveway spacing should allow for 
adequate turn lane length as prescribed in the City’s Standards and Specifications (2019)

 Intersection sight distance is expected to be adequate for semi-trailers, which would be the 
design vehicle for the site. This is assuming existing trees are removed along the frontage of 
Westminster Boulevard as discussed in the TIS.
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8.6 Sustainability
The project will seek all opportunities to maximize resiliency and sustainability. The Institute for 
Sustainable Infrastructure Envision Sustainability Rating System will be used to assess the 
sustainability and resiliency of the project. The results of the assessment will aid in the planning 
and design decision making process and assist the project team to identify and employ 
sustainable and resilient methodologies throughout all phases of the project including 
construction and operations. An Envision Pre-Assessment Checklist has been completed and the 
project team is working with the City to incorporate the sustainability and resiliency components 
into the design of the project. Periodic check-ins will occur to keep the project on track. A copy of 
the Pre-Assessment Checklist is provided in Appendix D.

The project will be registered on the ISI website to be evaluated through the rigorous Envision 
third-party verification process to receive an Envision rating. The verification process reviews the 
online scoresheet, credit coversheets and supporting documentation which is needed to verify 
the level of achievement requested for each credit. The project would be evaluated after final 
design and then again after construction. 

The Envision framework consists of 64 credits within five categories (Quality of Life, Leadership, 
Resource Allocation, Natural World and Climate and Risk) that provide a measure of the project’s 
sustainability and resiliency resulting in a final score. The overall goal for the City of Westminster 
is that the project would achieve at least an Envision gold rating. Designing and constructing a 
water treatment plant that can minimize its impacts on the environment, maximize its social and 
economic benefits, be supported by stakeholders and the public, and be resilient to predicted 
climate change impacts would achieve an Envision gold rating.

8.7 Noise Attenuation
The Project team completed a 72 hour ambient sound level survey at the WTP site. The temporary 
installation of four sound-level meters, each contained within a locked box that was installed on a 
T-post, was completed on Friday, April 23, 2021 at 9:00 AM. The four sound-level monitors were 
installed at the points shown on Figure 8-4, below. Those points were chosen because they are 
toward the nearest sensitive receivers and represent potential code-compliance points. Following 
completion of the 72 hour survey, the sound level meters, lock boxes, and T-posts were retrieved 
on Monday, April 26, 2021, at 9:00 AM. The survey was completed ahead of the City starting a 
stormwater project at Big Dry Creek and Westminster Boulevard on April 26, 2021. The survey was 
completed to help determine whether the construction and operation of the Project would impact 
noise levels in the surrounding neighborhood.
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Figure 8-4. Ambient Sound Level Study Monitoring Locations

The results of the 72 hour, 4-monitor location ambient sound level survey are summarized in 
Table 8-9 and Table 8-10. The results indicate significant differences in the ambient sound 
levels depending on the surveyed location. Monitor locations 1 and 4 recorded the highest overall 
averages for both daytime and nighttime periods, while monitor locations 2 and 3 recorded 
consistently lower levels . These results are consistent with ambient sound levels in close 
proximity to a major roadway like Westminster Boulevard with sound levels decreasing as the 
off-set distance to the roadway increases. Road noise was confirmed as the major sound level 
contributor via the recorded audio for the survey. All measurement locations recorded overall 
averages that exceed the nighttime residential code limit of 50 A-weighted decibels (dBA) per 
Colorado Revised Statues (CRS) 25-12-103. Monitor locations 1, 3, and 4 exceed the daytime 
residential limit of 55 dBA. The nighttime light industrial limit of 65 dBA is met or exceeded at 
monitor locations 1 and 4.



Section 8    Civil/Site Facilities and Site Master Plan Summary
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 8-26

Table 8-9. 72 Hour Ambient Sound Level Survey for Monitor Locations 1 and 2

Monitor Location 1 Monitor Location 2

Day Daytime Leq Ambient 
Noise Levels

(dBA)

Nighttime Leq 
Ambient Noise Levels

(dBA)

Daytime Leq 
Ambient Noise Levels

(dBA)

Nighttime Leq 
Ambient Noise Levels

(dBA)
1 68 65 55 52
2 66 66 50 53
3 65 66 52 53
4 69 - 55 -

Overall Leq 67 65 53 53
Notes:
dBA A-weighted decibel.
Leq Equivalent Continuous Sound Pressure Level.

Table 8-10. 72 Hour Ambient Sound Level Survey for Monitor Locations 3 and 4

Monitor Location 3 Monitor Location 4

Day Daytime Leq Ambient 
Noise Levels

(dBA)

Nighttime Leq Ambient 
Noise Levels

(dBA)

Daytime Leq Ambient 
Noise Levels

(dBA)

Nighttime Leq 
Ambient Noise Levels

(dBA)
1 59 59 69 66
2 57 60 68 67
3 56 60 68 67
4 61 -- 71 --

Overall Leq 58 60 69 67
Notes:
dBA A-weighted decibel.
Leq Equivalent Continuous Sound Pressure Level.

The collected ambient sound level data will be used to assess the noise impact of construction and 
operation of the WTP, and to set target design noise levels for operation. The documented ambient 
sound levels will be used as part of the analyses for levels A, B, and E of Envision credit QL1.4. The 
noise tasks summarized below are planned for the Project and are intended to help the City identify 
how to achieve the Conserving Level (i.e., no noise increase), if possible, of Envision Credit 
QL1.4/Minimize Noise and Vibration.

 Noise Impact Model for Construction (Unmitigated): Noise impact modeling analysis for 
construction of the WTP will be performed. The construction analysis is not designed to 
satisfy the Envision credit QL1.6.

 Noise Impact Model for Operations (Unmitigated) (Credit QL1.4 A or B): Noise impact 
modeling analysis for the operation of the WTP will be performed. The unmitigated 
operational noise modeling and analysis is proposed to satisfy levels A or B of Envision 
credit QL1.4.

 Traffic Noise Impact Model with Existing and Future Scenarios (Credit QL1.4 A, B, or 
E): Noise impact modeling analysis of traffic on Westminster Boulevard and U.S. Highway 
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36 adjacent to the proposed WTP will be performed. Two traffic scenarios will be modeled. 
The first scenario will show the existing noise levels generated by traffic on the two roads. 
The second scenario will show the noise levels with the addition of future traffic generated 
by the proposed WTP. The traffic noise modeling analysis is proposed to satisfy levels A, B, 
and E of Envision credit QL1.4. The credit documentation states, “Noises generated by 
activities induced by the project, such as cars on roads…and trucks accessing facilities, are 
applicable to this credit.”

 Construction Noise Impact Model Mitigation Plan: If required/necessary, a temporary 
sound control design plan will be prepared to outline proposed mitigation solutions in 
order to meet the applicable code requirements for the construction of the WTP. Solutions 
may include temporary sound walls, acoustical equipment enclosures, acoustical blankets, 
etc. The recommended mitigation measures, if required, will be added to the noise 
modeling to demonstrate the noise level reduction obtainable from implementing the 
measures.

 Operational Noise Impact Model Mitigation Plan (Credit QL1.4 C, D, or E): If 
required/necessary, a permanent sound control design plan will be prepared to outline 
proposed mitigation solutions in order to meet the applicable code requirements for the 
operational WTP. Solutions may include, for example, additional building upgrades, 
acoustical enclosures, acoustical walls, fan silencers, acoustical blankets, etc. Sound 
transmission class (STC) and noise reduction coefficient (NRC) performance data will be 
provided for any recommended mitigation measures. The recommended mitigation 
measures, if required, will be added to the noise modeling to demonstrate the noise level 
reduction obtainable from implementing the measures. Two operational mitigated 
scenarios are being proposed. The first mitigated scenario will be developed to project the 
noise mitigation required to meet target noise levels established in levels C or D of Envision 
credit QL1.4. The second mitigated scenario will be developed to show mitigation needed to 
meet target noise levels established in level E (Conserving) of Envision credit QL1.4. A cost 
benefit analysis will be performed to compare and contrast the two scenarios.

 Vibration Analysis of Operational Equipment: A basic analysis of ground-borne 
vibration generated by the operational equipment at the WTP site will be performed. The 
analysis will include buffer distances for equipment to show the distances at which 
vibration levels are not in the range of causing damage to any off-site structures or causing 
a nuisance to nearby residents.
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8.8 Security
Accessibility to the site will be achieved with two (2) access points spread across the western 
edge of the property along Westminster Blvd as shown previously in Figure 8-1. Each access 
point will include a remote automated gate requiring security clearance privileges to enter. The 
following exception applies:

 The southwest entrance will include access to the administration building parking area for 
public visits and other guests not requiring access to the interior of the site through the 
security gate.

A security fence will tie into the access gates and encompass the entire perimeter of the facility. A 
50 foot buffer allowance is included between the security fence and open space property 
boundary to the north, east and south. All material, chemical and equipment deliveries, 
operations staff, maintenance staff, City employees and all other visitors will be required to enter 
through the security gates to access the facility.

It is anticipated that each access point will experience a relatively higher traffic volume from the 
following facility demographics:

 Access Location 1 (southwest): visitors, admin building employees, chemical delivery 
trucks, operations and maintenance staff.

 Access Location 2 (northwest): solids waste hauling trucks.
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Section 9
Architectural Considerations

9.1 Introduction
This section establishes the criteria governing architectural design of the Water2025 WTP. The 
work includes programming, layout and design of the buildings associated with the treatment 
process. These buildings include:

Admin/Maintenance Building.

 Chemical Storage Building.

Raw Water Control Building.

 Process Building.

 High Service Pump Station Building.

 Recycle Pump Building.

9.2 Applicable Codes and Standards
The design shall conform to all applicable state, federal, and local codes. These codes shall 
include, but not be limited to, the following:

 Building Code: International Building Code (2021 IBC).

 Fire: International Fire Code (2021 IFC).

 Accessibility: International Building Code (2021 IBC).

 Energy Code: International Energy Conservation Code (2021 IECC).

 Zoning: Westminster Municipal Code City of Westminster (2016).

 Other: ANSI, American National Standards Institute.

 NFPA: National Fire Protection Association.

 OSHA: Occupational Safety and Health Act.

The edition of the code in effect at the time of permitting shall govern the design of the project.

The Building Official and Fire Official having jurisdiction shall be consulted during the design to 
review the project for conformity to the codes. All interpretations rendered by the building 
officials shall be obtained in writing and signed by the official making the interpretation. Verbal 
interpretations shall not be used as a basis of design.



Section 9    Architectural Considerations
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 9-2

9.3 Architectural Design Criteria
9.3.1 General
The design approach shall take into consideration views to and from adjacent properties, site 
features and landscaping, both natural and manmade, sustainable design, and access for 
operations and maintenance.

Design of the facility will strive for state-of-the-art, energy efficient buildings that are visually 
pleasing, appropriately contextual, sustainable, and functional. Building design will address the 
anticipated interest from community and water industry groups while conforming to 
Westminster Water’s standards and fiscal responsibility.

Materials of construction, assemblies and finishes will be selected for their visual appeal, 
durability, ease-of-maintenance, long-term economy, and sustainability.

Future expansion shall be accounted for in the structural and envelope design to minimize 
interruption to operations, destructive demolition, and waste, and allow for potential reuse of 
building components. 

9.3.2 Visual Criteria
Visible portions of structures shall have architectural treatment to provide a thoughtful and 
cohesive appearance acceptable to the Owner. Visible portions include superstructures and those 
elements of partially submerged structures that are above grade.

Building design will present a coherent and rich architectural vocabulary and employ highly 
durable and attractive exterior materials.

Provide shading and solar control using building elements and proper building orientation.

Incorporate strategies to break down the apparent mass of the building, and to mark and 
differentiate public access points. Such strategies may include:

 Belt courses and/or changes in materials as organizational elements.

 Provide roof monitors with daylight openings over the process areas to create good 
working environment and a visual interest on the building.

 Organize windows, louvers, and door openings to provide proportion, scale, and order to 
the facades.
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Figure 9-1. View from Westminster Blvd

9.3.3 Architectural Character
Sustainability, permanence, technology, and long-term value will all play a part in the 
architectural design theme(s). Of particular importance is the integration of agricultural building 
characteristics and highlighting the City of Westminster’s rich history.

This may be accomplished by utilizing building materials and building massing that alludes to 
agricultural building types. Details will be developed during final design.

Figure 9-2. Aerial Site View
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9.3.4 Safety
The facility will be arranged to allow for safe operations and movement by personnel including 
the following:

Meet or exceed the applicable requirements of the Building Code and OSHA 1910, including but 
not limited to Use classification and separation, egress requirements, railings and guards, and 
stairs.

Arrange interior spaces to provide a safe and convenient working environment, taking into 
consideration building codes, safety standards, barrier-free design, operational needs, security, 
and indoor environmental quality.

Provide proper signage and way-finding devices to facilitate employee and visitor movement and 
awareness of hazards.

Coordinate building and site design to provide barrier free accessible route that connects all the 
primary spaces on site.

9.3.5 Accessibility
The administration portion of the maintenance building will be designed to fully comply with all 
applicable accessibility regulations. All other buildings located at the treatment facility will not be 
ADA accessible and is constrained by the program’s functional requirements and site typography.

9.3.6 Energy Efficiency
The building envelope shall be designed to meet or exceed the requirements of the International 
Energy Conservation Code and ASHRAE 90.

Uncontrolled air infiltration into conditioned spaces shall be minimized.

Glazed openings, glazing materials, and shading devices shall be selected, designed and arranged 
to take advantage of beneficial solar heat gain in winter months and to minimize summer solar 
heat gain in spaces that are mechanically cooled.

Daylighting will be introduced where feasible to replace or supplement electrical lighting.

Coordination with HVAC to provide a high level of occupant comfort and to exploit energy saving 
options.

Roof materials and color shall be selected to reflect solar heat.
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9.4 Building Materials
9.4.1 Durability and Design Life
General:

Buildings: 50 years and longer.
Paint and Coating Systems: 15 years and longer.

Exterior wall finish systems will be selected and detailed to withstand the natural elements for a 
minimum of 50 years without requiring the application of coatings and with only minimal 
periodic maintenance.

Roof systems will be selected and detailed to withstand the natural elements for a period of no 
less than 20 years without requiring the application of coatings and with only minimal 
maintenance.

Where resilient interior floor finishes such as carpet or sheet vinyl are used, selected systems will 
withstand normal wear and frequent cleaning without detrimental effect to appearances or 
function for a period of at least seven years.

Where hard interior floor finishes such as tile or hardened concrete are required, selected 
systems will withstand normal wear and frequent cleaning for a period of at least 20 years.

Where chemical resistance is required, selected finishes will resist attack to system integrity and 
staining from all proposed (and future) chemicals.

Floor surfaces shall be designed to resist wear and damage from rolling loads imposed by process 
operations or maintenance equipment.

9.4.2 Materials and Systems
FLOORS.

 Sealed or hardened concrete, non-slip finish in wet areas.

 Porcelain tile, Resilient sheet or tile, Ceramic tile, Low Pile Carpet.

WALLS (Exterior).

 Insulated Masonry Cavity wall (Brick, CMU, manufactured and natural stone, or precast 
stone) with masonry or metal stud backup.

 Insulated core (foam) architectural metal panel system.

 Aluminum-faced metal composite panels.

WALLS (Interior).

 CMU, Concrete.
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Gypsum board with metal stud framing.

Tile (Restroom/Shower)

CEILINGS.

 Exposed Structure, no applied ceilings.

 Acoustic Ceiling Tiles, Gypsum board.

DOORS.

 Exterior: Hollow Metal, Aluminum or Fiberglass Reinforced Plastic (FRP).

Interior:FRP or Stainless Steel in Corrosive Areas, Hollow Metal or Wood elsewhere.

WINDOWS.

 Exterior: Aluminum (windows, storefront, or curtainwall) with thermally broken frames 
and insulated low-E glazing.

Interior: FRP or Stainless Steel frames in Corrosive Areas, Painted Steel frames elsewhere with 
glazing.

LOUVERS.

 Storm Proof: Extruded aluminum, all welded construction.

Acoustic: Extruded aluminum, all welded construction.

ROOF.

 Low-slope: Single-ply membrane (PVC, TPO, EPDM).

 Sloped: Standing seam architectural metal roofing.

9.5 Sustainability
Buildings and building systems will be designed and constructed with particular emphasis on 
energy efficiency and the use of sustainable design principles. The City of Westminster has shown 
significant interest in designing a facility with integrated sustainable strategies.

The extent to which sustainable strategies are implemented will be determined in concert with 
Westminster as many “green” systems have higher initial costs. Many of these costs are offset 
over the life of a facility, as they result in reduced energy use and utility consumption. 
Incorporating sustainable design concepts can result in qualification for incentives provided by 
various governmental agencies.

Sustainable design practices encompass several broad categories, including Site layout, Water use 
reduction, Energy Conservation, Materials selection, and Indoor Air Quality Principles.
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Green strategies for consideration range from simple to complex, high tech systems. Numerous 
sustainable design strategies will be incorporated into the design, some of which  will be 
considered include:

 Stormwater Controls.

 Proper building orientation to take maximum advantage of sun angles and prevailing 
winds.

Careful material selection with emphasis on the use of rapidly renewable, recycled and regional 
materials.

Use of Low VOC products in occupied areas.

 “Cool” Roofs - materials selected for their ability to reflect heat.

 Extensive use of views and natural lighting controls, such as light shelves, roof overhangs 
and solar control elements.

 The use of energy efficient light fixtures with automatic de-activation by occupancy and 
light level sensors.

 The use of full “cut-off” fixtures to limit light pollution.

 The use of Energy Star equipment and appliances.

 Providing heat recovery air handling units to pre-condition outside air ventilation with 
exhaust air and process generated heat to save energy use.

 Providing a programmable day clock with setback and setup operating schedules to save 
energy during non-occupied times.

More advanced sustainable techniques may also be implemented such as:

 Building Integrated Photovoltaics, which provide electric generating capabilities and 
reduced installation costs by replacing required building envelope components, such as 
roofing, wall, and glazing assemblies, while presenting a more refined building appearance.

 Recovery of continuously running process sample lines or stormwater for re-use as 
flushing water.

 Permeable pavement, rain gardens and other stormwater recovery technologies.

On-site energy generation (photovoltaic, wind, solar).
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9.6 Summary of Features for Proposed Buildings
9.6.1 Admin/Maintenance Building
Building Occupancy:

Factory Industrial, F-1/Business, B.

Construction Type:
Type IIB, non-combustible, unprotected.

General Description:
Single-story high-bay garage building: cast-in-place concrete floor at grade, structural steel 
columns and beams, metal roof deck, concrete masonry unit (CMU) and gypsum board with 
metal stud interior partitions, CMU exterior walls, with masonry or stone veneer, 
architectural metal panels and trim, aluminum curtainwall and translucent insulated panels, 
sloped metal roofing.

Figure 9-3. Maintenance Building Layout

9.6.2 Chemical Storage Building
Building Occupancy:

High Hazard, H-3 or H-4 depending on chemicals.

Construction Type:
Type IIB, non-combustible, unprotected.

General Description:
Single-story high-bay building: cast-in-place concrete floor at grade, structural steel columns 
and beams, metal roof deck, concrete masonry unit (CMU) interior partitions, concrete 
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containment walls and curbs, CMU exterior walls, with masonry or stone veneer, architectural 
metal panels and trim, aluminum curtainwall, sloped metal roofing.

Figure 9-4. Chemical Building Layout

9.6.3  Raw Water Control Building 
Building Occupancy:

Factory Industrial, F-1.

Construction Type:
Type IIB, non-combustible, unprotected.

General Description:
Single-story building: cast-in-place concrete floor, metal roof deck, concrete masonry unit 
(CMU) interior partitions, CMU exterior walls, with masonry or stone veneer, architectural 
metal panels and trim, aluminum curtainwall, single ply membrane at low-slope roofs.

9.6.4 Process Building 
Building Occupancy:

Factory Industrial, F-1 or Storage, S and High Hazardx, H-3 or H-4 for Ozone Area.

Construction Type:
Type IIB, non-combustible, unprotected.

General Description:
Multi-story building: cast-in-place concrete floor, structural steel columns and beams, metal 
roof deck, Cast in place exterior walls with masonry and stone veneer, architectural metal 
panels and trim, translucent insulated panels, sloped metal roofing.
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9.6.5 High Service Pump Station Building
Building Occupancy:

Factory Industrial, F-1.

Construction Type:
Type IIB, non-combustible, unprotected.

General Description:
Single-story building: cast-in-place concrete floor at grade, structural steel columns and 
beams, metal roof deck, concrete masonry unit (CMU) interior partitions where required, CMU 
exterior walls, with masonry and stone veneer, architectural metal panels and trim, 
translucent insulated panels, sloped metal roofing.

9.6.6 Recycle Pump Building
Building Occupancy:

Factory Industrial, F-1.

Construction Type:
Type IIB, non-combustible, unprotected.

General Description:
Single-story building: cast-in-place concrete floor at grade, metal roof deck, concrete masonry 
unit (CMU) interior partitions where required, CMU exterior walls, with masonry or stone 
veneer, architectural metal panels and trim, translucent insulated panels, single ply membrane 
at low-slope roofs.
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Section 10
Electrical Service

10.1 Electrical Design Approach Overview
A new electrical distribution system will be installed to accommodate the Water2025 WTP (WTP) 
under the Water2025 Project.

Utility service will be provided by Xcel Energy. Currently, Xcel Energy does not have a nearby line 
that is adequate to feed the Water2025 WTP. The utility primary line will have to be extended 
from Sheridan Blvd at W 98th Ave to the site, approximately 3000 feet. The utility primary line 
extension will be sized to accommodate the current Water2025 Project, the future WTP 
expansion and a future development north of the WTP site.

The utility service to the WTP will be at primary voltage, 13.2kV. The site distribution will be at 
4160V. Since Xcel does not provide 4160V service, a new customer-owned 13.2kV to 4160V 
transformer will provide power for the WTP. Since the transformer will be customer owned, 
utility metering will be at primary voltage.

Service power will be fed to a new 5kV switchgear (SWGR-1) at main electrical building. SWGR-1 
will include two busses and will include a tie breaker between the busses. Currently, only one 
utility feed will be brought to the WTP. SWGR-1 will include a main circuit breaker on Bus A. Bus 
B will be set up to accommodate a second main circuit breaker if a future second utility feeder is 
brought to the site.

SWGR-1 will feed 4160V-480V step down transformers throughout the plant. SWGR-1 will also 
feed (4) 4160V Finished Water Pumps.

The 4160V-480V step down transformers will feed 480V MCCs located throughout the plant. 
480V MCCs are planned for the following main areas:

1. Main Electrical Room (Finished Water Pump Station).

2. Ozone.

3. Dewatering.

4. Chemical Facilities.

5. Backwash EQ Basin.

Each main area will include two MCCs. Process loads will be split between the two MCCs; one 
process train will be connected to one MCC while equipment for the redundant process train will 
be connected to the other MCC.
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Preliminary Phase 1 demand load is approximately 4800kVA. Refer to TM 16 Electrical Load 
Basis of Design for additional details. Per preliminary load estimates, Phase 2 would add another 
3600kVA of demand load to the Phase 1 loads.

The electrical distribution equipment will be sized to accommodate the Phase 1 and Phase 2 
loads. The electrical distribution equipment will also be sized to accommodate 20% spare 
capacity.

Standby generators will provide backup power to the WTP. The generators will be sized to 
accommodate 30 MGD of treatment and finished water flow. The generators will also provide 
power to general building and lighting loads and HVAC loads. Refer to Section 10.3 for additional 
information regarding the standby generator system.

10.2 Applicable Codes and Standards
The following are the applicable electrical codes and standards for the Project:

 NFPA 70 – National Electrical Code (NEC).

 International Building Code.

 International Fire Code.

 Institute of Electrical and Electronics Engineers (IEEE) Standards.

 American National Standards Institute (ANSI) Standards.

 Illumination Engineering Society of North America (IESNA) Lighting Handbook.

 National Electrical Manufacturers Association (NEMA) Standards.

 National Fire Protection Associations (NFPA) Standards.

 Instrument Society of America (ISA).

 Insulated Cable Engineers Association (ICEA).

 Occupational Safety and Health Administration (OSHA).

 American Society for Testing Materials (ASTM).

 International Electrical Testing Association (NETA).

 Factory Mutual (FM).

 Underwriters Laboratory (UL).

Where the requirements of more than one code or standard are applicable, the more restrictive 
will govern. CDM Smith will utilize the codes that will be in effect at the completion of the design 
phase of the project.
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10.3 Electrical Site Plan and Power Distribution
10.3.1 Laboratory Overall and Subsection Metering
The WTP will include a skid mounted, 480V, diesel fuel fired, engine-driven generator. The 
generators will ensure continuous operation of critical water treatment system units for a 
duration of 48 hours. The generators will connect to the electrical distribution system via a 
generator paralleling switchgear. Generator paralleling controls will be included in the generator 
paralleling switchgear.

The generator sets at WTP will include sound attenuating weatherproof enclosure suitable for 
outdoor installation near the utility pad mounted transformer. The weather/sound-proof 
enclosure will meet the requirements of local Air Quality Management District (AQMD), The 
generator set will have a steel base frame with integral diesel fuel storage tank capable of 48 
hours of operation. The generator will be arranged for both local starting and stopping and 
remote starting and stopping via ATS signal.

The generator is preliminarily sized as two parallel 2000 KW generators. The generators will be 
rated for site conditions (elevation, ambient temperature).

Transfer to generator power will be via a generator open-transition transfer scheme at SWGR-1. 
The transfer scheme will monitor utility power and upon loss of power, will send a start signal to 
the generators. The transfer scheme will open the utility circuit breaker, and upon sensing stable 
generator power, will close the generator circuit breaker.

10.3.2 One-line Diagrams

Power will be distributed through a series of switchboard and MCCs, as shown on the single line 
drawing. As a minimum, the electrical distribution equipment will be sized for 20 percent spare 
capacity at each distribution point.

The electrical single line diagram is shown on Appendix E.

10.4 Electrical Equipment Selection
Table 10-1 through Table 10-9 list the general and specific design criteria for electrical 
equipment and systems associated with the Water2025 project.
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Table 10-1. General Electrical Design Criteria

No. Design Criteria

1

Electrical Equipment Sizing

As a minimum, the electrical equipment will be sized in accordance with the NEC for the following:
 The existing and proposed plant loads identified in the Process Mechanical design.
 Protective devices, conductors, and conduits will be sized in accordance with the NEC.

2

Voltage Separation

Power and control system will be designed to maintain separation between the following voltage levels 
throughout raceway runs:
 480V distribution power
 120/208V distribution power
 120V control
 24V DC control signals
 Communication systems 

3

Overcurrent and Short Circuit Protection.

All 480V and 120/208V power circuits will be protected by fuse or circuit breaker.

Protective devices will be fully rated for the short circuit duty at the point of application. Bus and 
equipment short circuit ratings will exceed worst case fault current available at each location.

4

Identification

Unique identification will be assigned to MCCs, panelboards, transformers, and other equipment

Identification plates will be provided for the conduits.

Wire markers will be provided for all power conductors.

5

Electrical Power System Analysis

An Electrical Power Analysis will be performed on this project. It is anticipated that this work will be the 
contractor’s responsibility. The Power Analysis will include:
 Load Flow Study.
 Short Circuit Study.
 Device Coordination.
 Arc Flash Study.
 Harmonic Analysis.
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Table 10-2. Motor Controllers Design Criteria

No. Design Criteria
1 Constant Speed Applications (120 Volts):

 Manual motor starter with integral bimetallic overload protection.
 NEMA size 1 magnetic starter where remote control is required.

2 Constant Speed Applications (480 Volts): 
 Short circuit protection will be provided with motor circuit protectors. 
 Motor starters will be NEMA Size 1 minimum 
 Motor starters will be equipped with individually fused 120 volts control power transformers 

and 3-phase bimetallic overloads. 

3 Variable Speed Applications (480 Volts) within MCCs: 
 Short circuit protection will be provided with a molded case circuit breaker. 
 Smaller variable frequency drives (VFDs) may be integrated into motor control centers where 

practical. Typically, these would be 6-pulse drives without bypass contactors. 
 Variable frequency drives will be equipped with line reactors for harmonic mitigation, 

individually fused 120-volt control power transformers, and 3-phase electronic overload 
protection. 

 If further harmonic mitigation is required, active harmonic filters may be provided at the 
common MCC bus if there is physical space to install the filter to meet the harmonic 
requirements of IEEE 519. If there is no physical space for the filter, then a filter will not be 
installed. For the purposes of the harmonic analysis, the point of common coupling will be the 
main bus of the motor control centers. 

 Variable frequency drives will be controlled via ethernet. 
 Variable frequency drives will also meet the requirements of Table 10-3.

4 Disconnect Switches:
 Provided under Specification Div. 26 for HVAC motors.
 Local disconnect switches will be provided for all process motors. Local disconnect switches will 

not be provided for VFD controlled motors.
 Generally, disconnect switches will be non-fused heavy-duty type with pad locking provisions 

unless otherwise noted. Disconnect switches for HVAC motors will be fused where required.



Section 10    Electrical Service
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 10-6

Table 10-3. Standalone Variable Frequency Drives Design Criteria

No. Design Criteria 
1 Performance:

 Will be capable of operating a motor with variable or constant torque type loads within the speed 
range required by the load.

 Will be capable of providing breakaway torque for the pump.
 Will be capable of riding through transient power interruptions of up to 5 cycle duration, without 

causing the drive to shutdown.
 When the power is restored after a complete power outage, the VFD will be capable of automatic 

restart of the motor and restoring it to proper operating speed in accordance with the PLC control 
strategy.

 Active front end or 18 pulse transformer front end designs will be considered as a harmonic 
mitigation method for larger motors, typically 50HP and above.

 6 pulse VFD designs will include input line reactors for harmonic mitigation.
 Active harmonic filters may be provided to meet the harmonic requirements of IEEE 519.
 It is anticipated that most of the VFDs will be located indoors within a ventilated space, the VFDs that 

will be located outdoors will be enclosed within a non-walk-in type, NEMA 4X, stainless steel 
enclosure with an air conditioner capable of cooling the entire enclosure.

2 VFD ratings and features:
Efficiency:
 Minimum 96 percent at 100 percent torque.
 Minimum 94 percent at 80 percent speed based on the motor RPM provided with load horsepower 

to vary as cube of speed.
 Input power: 480 Volts, 3-phase, 57Hz to 63 Hz.
 Input power factor: 0.95.
 Maximum operating temperature: 40 degrees C ambient.
 Power unit rating basis: 100 percent rated current continuous.

3 Converter:
 Full wave.
 Phase controlled.
 3-phase.
 Will be connected to a current regulating inductor.

4 Inverter:
 Voltage source, pulse width modulated type.

5 User Interface:
 Local and remote operation capabilities.
 Emergency stop button.
 Run status, failure status and speed will be accessed from remote locations.

6 Larger variable frequency drives such as active front end or 18-pulse transformer drives will be provided 
with free-standing force ventilated enclosures.

7 Recommended Manufacturers:
 Eaton/Cutler Hammer.
 Rockwell Automation.
 Square D.
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Table 10-4. Motor Control Centers Design Criteria

No. Design Criteria 
1 Motor controllers will be grouped into motor control centers.

2 Ratings and Features:
 Voltage: 480 Volts, 3-phase, 3-wire.
 Main Bus Amperes: To be determined based on connected load (Minimum 600 Amperes).
 Tin-plated Copper Bus.
 Short Circuit Rating: exceed available fault current at point of application.
 Vertical sections (number as required) will be a nominal 20 inch wide by 21 inch deep.
 Front accessible.
 NEMA Class IIB wiring.
 Digital metering.

3 Manufacturer’s NEMA ratings will be used to establish compartment space requirements for the starters 
and circuit breakers in the motor control center.

4 Where possible, 20% future space will be provided in the motor control center.

5 Recommended Manufacturers:
 Eaton/Cutler Hammer.
 Rockwell Automation.
 Square D.

Table 10-5. Lighting Transformers and Panelboards Design Criteria

No. Design Criteria 
1 Lighting transformers will be energy efficient dry type, 480 – 120/208-volt, three phase, size as required.

2 Maximum lighting transformer size will be 75 kVA.

4 Panelboards will utilize bolt-on circuit breakers.

Table 10-6. Equipment Control Design Criteria

No. Design Criteria 
1 Motor control circuits will be 120 volts.

2 Control system/PLC outputs to control circuits will be dry contacts rated for 5 Amperes at 120 Volts.

3 Power for Control system/PLC inputs will be 120 Volts and provided by the Control system/PLC power 
supply. Each PLC will have a dedicated UPS system for backup power. UPS systems will be located adjacent 
to the PLC cabinet if PLC power requirements are too much for internally mounted PLC.

4 Control station operator functions and locations will be as defined on the P&IDs.

5 Indicating lamps will be LED push-to-test type with the lens color scheme to match the City of 
Westminster’s standard.

6 Interlocking, sequencing, and timing functions for process control will be provided by a programmable logic 
controller (PLC).
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Table 10-7. LV Switchboard

No. Design Criteria 
1 Switchboard will meet the following requirements:

 Front access meeting applicable ANSI and NEMA standards and bearing the UL label.
 Bus of tin-plated copper and sized in accordance with UL 67.
 Bolt-on type circuit breakers of molded case type, and UL 489 listed.
 Surge protection device in accordance with UL 1449.

Table 10-8. Metal-Clad Switchgear (MVSWGR)

No. Design Criteria
1 A 1200 A, 4.16 kV metal-clad switchgear will be housed in the Electrical Building. The switchgear will be 

NEMA 1 gasketed indoor type, front and rear accessible, and suitable for pad mounting.
2 The circuit breakers will be draw-out type, electrically operated, vacuum interrupter type with stored energy 

trip/close mechanism. Each breaker will be equipped with an AC capacitor trip device.
3 The switchgear will be provided with surge arrestors at each incoming main supply side and each feeder load 

side where required. These devices will protect against transients due to lightning strikes or abnormal spikes 
due to equipment switching.

4 The protective relaying scheme will consist of main circuit breaker, feeder circuit breakers, and bus 
protection relays. Protective relays will have a provision for Ethernet communication to SCADA.

5 The switchgear bus will be tin-plated copper.
6 The switchgear will be provided with solid state power quality meters (PQM).

Table 10-9. Convenience Receptacles Design Criteria

No. Design Criteria 
1 Receptacles will be type duplex and rated for 120 Volt, 20 Amps.

2 Receptacles will not be powered from circuits used for supplying lighting fixtures.

3 Receptacles located in process and chemical areas will include a gasketed cover.

4 Receptacles located outdoors or near water sources (non-process areas) will be GFCI protected per NEC.

10.5 Lighting Design
Table 10-10 lists the general and specific design criteria for lighting systems.

Table 10-10. Lighting Design Criteria

No. Design Criteria 
1 The lighting design will be based on the Illuminating Engineering Society of North America’s (IESNA) 

recommended illuminance values. All lighting fixtures will be constructed in accordance with the latest 
edition of UL “Standards for Safety, Electric Lighting Fixtures”, will be UL labeled, and will be installed in 
accordance tothe latest edition of NFPA 70 and NFPA 101. The lighting control and maximum allowable 
W/ft² for interior lighting will be based on the latest edition of the International Energy Conservation Code 
(IECC). 

2 New light fixtures will be LED type.

3 Circuit voltages will be 120 VAC, single phase unless otherwise noted.
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10.6 Grounding and Lightning Protection System
Table 10-11 lists the general and specific design criteria for grounding and lightning protection 
systems.

Table 10-11. Grounding System Design Criteria

No. Design Criteria
1 Grounding systems will be installed.

2 An equipment grounding conductor will be run in all raceways, except for those including a grounded 
neutral conductor (utility transformer, generator).

3 All interconnections between the components of the grounding electrode system (bare copper cables, 
reinforcing rods, building structural steel, etc.) will be made by an exothermic welding technique.

4 A lightning and surge protection system performance specification will be included with the design. The 
lightning and surge protection system will meet all requirements of NFPA 780 and UL 96A.

5 Electrical equipment will be provided with supplemental grounding in accordance with the NEC.

7 Exothermic weld and compression weld connections will be used for all interconnections between the 
components of the grounding electrode system and will be tested in accordance with to IEEE 837.

10.7 Conduits, Wires, and Support Material
Table 10-12 and Table 10-13 lists the general and specific design criteria for conduits, wires, 
and support material.

Table 10-12. Conduit Design Criteria

No. Design Criteria 
1 All wiring will be run in conduit.

2

Conduit usage:
 Exposed:

 Clean, dry unfinished, non-process areas: Galvanized rigid steel and liquid-tight flexible 
metal conduit (unless otherwise noted below.).

 Process areas designated DAMP or WET: Galvanized rigid steel and liquid-tight flexible 
metal conduit (unless otherwise noted below.).

 Corrosive areas: PVC coated rigid steel.
 Exposed outdoor areas: PVC coated rigid steel.
 Hazardous areas: Galvanized rigid steel (GRS) or PVC coated GRS depending on exposure.

 Embedded in concrete walls, floors, or ceilings: Schedule 40 PVC.
 Connections to all motors and transformers: Liquid tight flexible metal conduit.

3 Minimum ¾ inch trade size conduit for exposed runs.

4

Underground conduit runs:
 Duct banks will be concrete encased with steel reinforcing bars.

 Concrete will include integral red-oxide dye.
 Minimum 1 inch trade size conduit.
 Duct banks will utilize the following conduit types:

 Power conductors: Schedule 40 PVC.
 Sensitive circuits requiring magnetic shielding: Galvanized rigid steel.

 Duct banks will be marked with warning tape and tracer wire.
 Elbows and risers will be PVC coated galvanized rigid steel.
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 20 percent spare conduit or a minimum of one spare of the largest conduit in the run will 
be provided whichever results in the greater number of spares.

5 Spare conduits will be installed for all major feeders and in underground or concealed runs where it 
would be difficult to install conduits in the future without disrupting plant operations.

Table 10-13. Conductors Design Criteria

No. Design Criteria 

1

Minimum Size Conductors:
 Power circuits (120 or 480 Volts): #12 AWG stranded.
 Control circuits (120 Volts): #14 AWG stranded.
 Instrumentation wiring: #16.

2

600 Volt cable/wiring:
 Copper conductors.
 120v power and lighting circuits and control wiring: THWN/THHN-2 insulation.
 Control cables in underground ductbanks: Multi-Conductor jacketed cable with THWN/THHN-2 

insulation.
 480V power circuits: XHHW-2 insulation.
 Cables between VFDs and motors will be jacketed multi-core with interstitial grounding conductors 

per VFD manufacturer’s specifications.

3 Instrumentation analog (4 – 20 mA) signals will use twisted pair cable (2/C#16 AWG) with overall shield and 
600 volts 90°C insulation for NEC Article 725 Class 1 circuits.

4 Local Area Network (LAN) Ethernet cable will meet or exceed Category 6 standards.

5

Fiber optic cable:
 Cable will be multi-fiber, multi-mode, buffered, non-armored type.

Minimum 25% spare fibers, or next largest industry standard fiber count, will be provided.

10.8 Area Classification and NEMA Rating of Electrical 
Equipment
Table 10-14 lists the area classifications for electrical equipment.

Table 10-14. Area Classifications

No. Design Criteria 

1 The limits of damp, wet, corrosive, and classified areas will be defined on the electrical drawings. Electrical 
equipment will be located outside of these areas to the greatest extent possible.

2

Equipment enclosures will, in general, be limited to the following NEMA types:
 NEMA 1, Dry, non-process locations.
 NEMA 12, Dry, process locations.
 NEMA 4, “Damp” and “Wet” locations.
 NEMA 4X, Corrosive locations.
 NEMA 7, Hazardous locations.
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10.9 Electrical System Analysis
A power systems analysis is comprised of various engineering studies. Typical studies are short 
circuit, protective device coordination, arc flash hazard, and harmonic analyses. The goal of each 
study is to verify that the power system for a facility is safe, efficient, and reliable under normal 
and abnormal conditions. A limited electrical system study will be performed during design to 
verify that the new electrical system is correctly specified to perform as intended, withstand 
expected stresses, and be protected against failures. During detailed design, a preliminary 
electrical system analysis is performed for the power distribution system and will include:

 Load Flow.

 Short Circuit Study.

 Selective Coordination Study.

 Arc Flash Study.

During construction, the construction contractor will be obligated to produce preliminary and 
final electrical system studies as outlined in the detailed technical specifications. This 
comprehensive study is performed by a third-party power system analysis specialist. The 
preliminary study provides an independent verification that the equipment is being applied 
within their design ratings and can be released by the manufacturer for production. The final 
study is an extension of the preliminary study and provides the construction contractor with the 
required settings for the actual equipment supplied, prior to energizing the equipment. Arc flash 
labels will be specified to be provided by the contractor based on the approved arc flash hazard 
study for all electrical equipment. The final study will contain “as left” field ratings and settings of 
the electrical equipment and devices.

During construction, preliminary and final electrical system analysis is performed for the power 
distribution system and includes:

 Load Flow.

 Short Circuit Study.

 Selective Coordination Study.

 Arc Flash Study.

 Harmonic Study.

During construction, the construction contractor will be obligated to produce preliminary and 
final electrical system studies, including an arc flash study as outlined in detailed technical 
specifications. Arc flash labels will be specified to be provided and installed by the contractor 
based on the approved arc flash study for all electrical equipment. The final study will contain “as 
left” field ratings and settings of the electrical equipment and devices.
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10.10 Electrical System Testing
Electrical equipment will be tested after installation to assure that all electrical equipment is 
operational and within industry and manufacturer's tolerances and is installed in accordance 
with design specifications. The tests and inspections will determine suitability for energizing 
equipment and will confirm the equipment is installed per the Contract Documents and as a 
benchmark for the Owner to use for future maintenance testing. Testing and commissioning will 
be performed in accordance with the latest revision of NETA Standard ATS “Acceptance Testing 
Specifications for Electrical Power Distribution Equipment and Systems”.
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Section 11
HVAC/Plumbing/Fire Prevention

11.1 Applicable Codes and Standards
This section of the design memorandum includes a description of the HVAC system design criteria 
for the City of Westminster, CO 2025 Water Project. The HVAC, Plumbing, and Fire Protection 
design will be based on the following codes and standards.

 2015 International Building Code.

 2015 International Mechanical Code.

 2015 International Plumbing Code.

 2015 International Building Code.

 2015 International Fire Code.

 2015 International Energy Conservation Code.

 NFPA 13 -2020 Edition.

11.2 HVAC Design Criteria
Weather data and design conditions will be based upon 2009 ASHRAE 99.6% winter and 0.4% 
summer conditions for Denver, CO.

Table 11-1. Design Criteria for Weather and Design Conditions

Item Design Criteria
Outside Winter Design Temperature -4.0 °F DB
Outside Summer Design Temperature 93.5 °F. DB/ 60.5 °F WB
Site Elevation 5,375 ft

11.2.1 Process Building
11.2.1.1 Rapid Mix Area
The Phase 1 and Phase 2 Rapid Mix Areas shall be identical facilities.

Each area shall be ventilated continuously at a rate of 1 CFM/FT2 for general air quality. 
Additional ventilation shall be available to maintain the summer design condition of 104 °F DB. 
The additional summer ventilation shall be controlled based on space temperature by a local 
thermostat.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
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up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).

Table 11-2. Rapid Mix HVAC Design Criteria – Phase 1

Rapid Mix Area – Phase 1
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate(1) 1,800 CFM
Summer Ventilation Rate 5,700 CFM
Cooling Capacity Ventilation Only
Heating Capacity 121,000 BTU/HR

1 Winter ventilation rates are based on 1 CFM/FT2 applied for the purpose of establishing conservative energy consumption 
estimates. Potential reduction of winter ventilation relates to be further evaluated during detailed design.

Table 11-3. Rapid Mix HVAC Design Criteria – Phase 2

Rapid Mix – Area Phase 2
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate(1) 1,800 CFM
Summer Ventilation Rate 5,700 CFM
Cooling Capacity Ventilation Only
Heating Capacity 121,000 BTU/HR

1 Winter ventilation rates are based on 1 CFM/FT2 applied for the purpose of establishing conservative energy consumption 
estimates. Potential reduction of winter ventilation relates to be further evaluated during detailed design.

11.2.1.2 Floc/Sed Area
The Phase 1 and Phase 2 Floc/Sed Areas shall be identical facilities.

Each area shall be ventilated continuously at a rate of 1 CFM/FT2 for general air quality. The 1 
CFM/FT2 shall also maintain the summer design condition of 104 °F DB.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and local thermostat. Heating from 
unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).
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Table 11-4. Floc/Sed HVAC Design Criteria – Phase 1

Floc/Sed Area – Phase 1
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate(1) 14,000 CFM
Summer Ventilation Rate 14,000 CFM
Cooling Capacity Ventilation Only
Heating Capacity 751,000 BTU/HR

1 Winter ventilation rates are based on 1 CFM/FT2 applied for the purpose of establishing conservative energy consumption 
estimates. Potential reduction of winter ventilation relates to be further evaluated during detailed design.

Table 11-5. Floc/Sed HVAC Design Criteria – Phase 2

Floc/Sed Area – Phase 2
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate(1) 14,000 CFM
Summer Ventilation Rate 14,000 CFM
Cooling Capacity Ventilation Only
Heating Capacity 751,000 BTU/HR

1 Winter ventilation rates are based on 1 CFM/FT2 applied for the purpose of establishing conservative energy consumption 
estimates. Potential reduction of winter ventilation relates to be further evaluated during detailed design.

11.2.1.3 Ozone Generation Equipment Area
The Phase 1 and Phase 2 Ozone Generation Equipment Areas shall be identical facilities.

Each area shall be ventilated continuously at a rate of 6 air changes per hour in accordance with 
Section 6005.3.2 of the 2015 International Fire Code. The ventilation shall consist of a primary 
system and redundant exhaust fan/associated intake louver provided to automatically operate if 
the primary ventilation fails.  Additional ventilation shall be available to maintain the summer 
design condition of 104 °F DB. The additional summer ventilation shall be controlled based on 
space temperature by a local thermostat.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).

The Ozone Equipment Areas shall also be equipped with a continuous gas detection systems that 
will shut off the generator and sound a local alarm when concentrations are above the 
permissible exposure limit occur per Section 6005.3.2 of the 2015 International Fire Code or if 
the ventilation system fails.
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Table 11-6. Ozone Generation HVAC Design Criteria – Phase 1

Ozone Generation Equipment Area – Phase 1
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 6 ACH
Winter Ventilation Rate 8,100 CFM
Summer Ventilation Rate 23,200 CFM
Cooling Capacity Ventilation Only
Heating Capacity 415,000 BTU/HR

Table 11-7. Ozone Generation HVAC Design Criteria – Phase 2

Ozone Generation Equipment Area – Phase 2
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 6 ACH
Winter Ventilation Rate 8,100 CFM
Summer Ventilation Rate 23,200 CFM
Cooling Capacity Ventilation Only
Heating Capacity 415,000 BTU/HR

11.2.1.4 Filter Area
The Phase 1 and Phase 2 Filter Areas shall be identical facilities.

Each area shall be ventilated continuously at a rate of 1 CFM/FT2 for general air quality. 
Additional ventilation shall be available to maintain the summer design condition of 104 °F DB. 
The additional summer ventilation shall be controlled based on space temperature by a local 
thermostat.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).
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Table 11-8. Filter Area HVAC Design Criteria – Phase 1

Filter Area –Phase 1
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate(1) 10,000 CFM
Summer Ventilation Rate 20,600 CFM
Cooling Capacity Ventilation Only
Heating Capacity 524,500 BTU/HR

1 Winter ventilation rates are based on 1 CFM/FT2 applied for the purpose of establishing conservative energy consumption 
estimates. Potential reduction of winter ventilation relates to be further evaluated during detailed design.

Table 11-9. Filter Area HVAC Design Criteria – Phase 2

Filter Area –Phase 2
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate(1) 10,000 CFM
Summer Ventilation Rate 20,600 CFM
Cooling Capacity Ventilation Only
Heating Capacity 524,500 BTU/HR

1 Winter ventilation rates are based on 1 CFM/FT2 applied for the purpose of establishing conservative energy consumption 
estimates. Potential reduction of winter ventilation relates to be further evaluated during detailed design.

11.2.2 Chemical Building
11.2.2.1 Sodium Hypochlorite Room
The Sodium Hypochlorite Room shall be ventilated continuously at a rate of 1 CFM/FT2 based on 
Section 5004.3 of the 2015 International Fire Code.

Space ventilation, cooling, and heating shall all be provided by dedicated outside air system 
(DOAS).

The DOAS system shall include a DX coiling coil to maintain the summer design condition of 75 °F 
DB.

The DOAS system shall also include electric resistance heating or a natural gas furnace to 
maintain the heating design condition of 50°F DB.

The DOAS cooling and heating systems shall be controlled by a factory-provided controller and a 
local thermostat.
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Table 11-10. Chemical Building – Sodium Hypochlorite HVAC Design Criteria

Chemical Building – Sodium Hypochlorite Room
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 75 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate 1,800 CFM
Summer Ventilation Rate 1,800 CFM
Cooling Capacity 65,500 BTU/HR
Heating Capacity 104,500 BTU/HR

11.2.2.2 Electrical Room
Cooling and heating shall be provided to the Electrical Room via a packaged or split-system air 
handling units to maintain the design temperatures of 75 °F DB and 50 °F DB respectively. Two 
units shall be supplied to provide 100% redundancy. The two units shall act as a “primary” and 
“secondary” with one operating at a given time. Each unit shall be capable of providing the full 
required cooling and heating capacities to the space.

The cooling components shall consist of a DX cooling coil.

The heating components shall consist of a heat pump with redundant electric resistance or 
natural gas fired furnace.

The air handling unit shall be provided with an economizer cycle mode operated based on 
enthalpy.

The air handling units shall be controlled by factory-provided controllers and local thermostat(s). 
The “primary” and “secondary” unit designations shall be alternated regularly via a lead-lag 
controller or thermostat schedules to ensure equal operation time for each unit.

Table 11-11. Chemical Building- Electrical Room HVAC Design Criteria

Chemical Building – Electrical Room
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 75 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate -
Cooling Capacity 97,500 BTU/HR
Heating Capacity 25,500 BTU/HR
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11.2.2.3 All Other Areas
All other areas of the Chemical Building shall be ventilated continuously at a rate of 1 CFM/FT2 
based on Section 5004.3 of the 2015 International Fire Code. The 1 CFM/FT2 shall also maintain 
the summer design condition of 104 °F DB.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).

Table 11-12. Chemical Building – All other areas HVAC Design Criteria

Chemical Building – All Other Areas
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Combined Winter Ventilation Rate 19,700 CFM
Combined Summer Ventilation Rate 19,700 CFM
Cooling Capacity Ventilation Only
Heating Capacity 1,068,000 BTU/HR

11.2.3 Ancillary Facilities
11.2.3.1 RW BUILDING
The RW Building shall be ventilated continuously at a rate of 1 CFM/FT2 for general air quality. 
The 1 CFM/FT2 shall also maintain the summer design condition of 104 °F DB.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).

Table 11-13. RW Building HVAC design criteria – Phase 1

RW Building
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements 1 CFM/FT2

Winter Ventilation Rate(1) 4,200 CFM
Summer Ventilation Rate 4,200 CFM
Cooling Capacity Ventilation Only
Heating Capacity 260,000 BTU/HR

1 Winter ventilation rates are based on 1 CFM/FT2 applied for the purpose of establishing conservative energy consumption 
estimates. Potential reduction of winter ventilation relates to be further evaluated during detailed design.
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11.2.3.2 Backwash Equalization Basin
The Backwash Equalization Basins shall be ventilated to maintain the summer design condition of 
104 °F DB. Ventilation shall be provided by exhaust fan(s) and intake louver(s). The ventilation 
shall be controlled based on space temperature by a local thermostat.

Heating shall be provided to the area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).

Table 11-14. Backwash Equalization Basins HVAC Design Criteria

Backwash Equalization Basins
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate 9,000 CFM
Cooling Capacity Ventilation Only
Heating Capacity 210,500 BTU/HR

11.2.3.3 Gravity Thickener
The Phase 1 and Phase 2 Gravity Thickener areas shall be identical facilities. Note the following 
design criteria are only required if a dome cover is provided. If the thickeners are equipped with 
flat covers or remain open, no heating or cooling loads will be required at the thickeners.

Each area shall be ventilated to maintain the summer design condition of 104 °F DB. Ventilation 
shall be provided by an exhaust fan(s) and intake louver(s). The ventilation shall be controlled 
based on space temperature by a local thermostat.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory- provided, unit integral thermostat(s).
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Table 11-15. Gravity Thickeners HVAC Design Criteria – Phase 1

Gravity Thickener -Phase 1
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate 5,400
Cooling Capacity Ventilation Only
Heating Capacity 181,000 BTU/HR

Table 11-16. Gravity Thickeners HVAC Design Criteria – Phase 2

Gravity Thickener -Phase 2
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate 5,400 CFM
Cooling Capacity Ventilation Only
Heating Capacity 181,000 BTU/HR

11.2.3.4 High Service Pump Station
The High Service Pump Station shall be ventilated to maintain the summer design condition of 
104 °F DB. Ventilation shall be provided by an exhaust fan(s) and intake louver(s). The ventilation 
shall be controlled based on space temperature by a local thermostat.

Heating shall be provided to the area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall be controlled by a factory-provided controller and the local thermostat . Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).

Table 11-17. High Service Pump Station HVAC Design Criteria

High Service Pump Station
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate 61,000 CFM
Cooling Capacity Ventilation Only
Heating Capacity 190,000 BTU/HR
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11.2.3.5 Electrical Building
Cooling and heating shall be provided to the Electrical Building via packaged or split-system air 
handling units to maintain the design temperatures of 75 °F DB and 50 °F DB respectively. Two 
units shall be supplied to provide 100% redundancy. The two units shall act as a “primary” and 
“secondary” with one operating at given time. Each unit shall be capable of providing the full 
required cooling and heating capacities to the space.

The cooling components shall consist of a DX cooling coil. The heating components shall consist of 
a heat pump with redundant electric resistance or natural gas fired furnace. The air handling unit 
shall be provided with an economizer cycle mode operated based on enthalpy.

The air handling units shall be controlled by factory-provided controllers and local thermostat(s). 
The “primary” and “secondary” unit designations shall be alternated regularly via a lead-lag 
controller or thermostat schedules to ensure equal operation time of each unit.

Table 11-18. Electrical Building HVAC Design Criteria

Electrical Building
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 75 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate -
Cooling Capacity 416,000 BTU/HR
Heating Capacity 94,000 BTU/HR

11.2.3.6 Mechanical Dewatering Building
The Mechanical Dewatering Building shall be ventilated to maintain the summer design condition 
of 104 °F DB. Ventilation shall be provided by an exhaust fan(s) and intake louver(s). The 
ventilation shall be controlled based on space temperature by a local thermostat.

Heating shall be provided to the area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).
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Table 11-19. Mechanical Dewatering HVAC Design Driteria 

Mechanical Dewatering Building
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate 15,100 CFM
Cooling Capacity Ventilation Only
Heating Capacity 141,500 BTU/HR

11.2.3.7 Recycle Pump Station
The Recycle Pump Station shall be ventilated to maintain the summer design condition of 104 °F 
DB. Ventilation shall be provided by an exhaust fan(s) and intake louver(s). The ventilation shall 
be controlled based on space temperature by a local thermostat.

Heating shall be provided to the area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).

Table 11-20. Recycle Pump Station HVAC Design Criteria

Recycle Pump Station
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate 3,900 CFM
Cooling Capacity Ventilation Only
Heating Capacity 83,000 BTU/HR

11.2.3.8 Maintenance Warehouse
The Maintenance Warehouse shall be ventilated to maintain the summer design condition of 104 
°F DB. Ventilation shall be provided by an exhaust fan(s) and intake louver(s). The ventilation 
shall be controlled based on space temperature by a local thermostat.

Heating shall be provided to each area to maintain the winter design condition of 50°F DB. The 
heating shall be provided by a make-up air unit or space unit heater(s). The heating from a make-
up air unit shall controlled by a factory-provided controller and the local thermostat. Heating 
from unit heater(s) shall be controlled by factory-provided, unit integral thermostat(s).
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Table 11-21. Maintenance Warehouse HVAC design criteria

Maintenance Warehouse
Item Design Criteria

Winter Design Temperature 50 °F DB
Summer Design Temperature 104 °F DB
Continuous OA Requirements -
Winter Ventilation Rate -
Summer Ventilation Rate 2,000 CFM
Cooling Capacity Ventilation Only
Heating Capacity 88,000 BTU/HR

11.2.3.9 Maintenance Building Office
Cooling and heating shall be provided to all areas of the Maintenance Building Office via a 
packaged or split-system air handling unit to maintain the design temperatures of 75 °F DB and 
70 °F DB respectively.

The cooling components shall consist of a DX cooling coil. The heating components shall consist of 
a heat pump with redundant electric resistance or natural gas fired furnace. The air handling unit 
shall be provided with an economizer cycle mode operated based on enthalpy. Redundant air 
handling units shall not be required for this area.

Outside air shall be brought in through the air handling unit at rate of 5 CFM Per Person and 0.06 
CFM/FT2 based on Table 403.3.1.1 of the 2015 International Mechanical Code.

The air handling unit shall be controlled by a factory-provided controller and local thermostat.

Table 11-22. Maintenance Building Office HVAC Design Criteria

Maintenance Building Office
Item Design Criteria

Winter Design Temperature 70 °F DB
Summer Design Temperature 75 °F DB
Continuous OA Requirements 5 CFM Per Person, 0.06 CFM/FT2

Winter Ventilation Rate 480 CFM
Summer Ventilation Rate 480 CFM
Cooling Capacity 122,000 BTU/HR
Heating Capacity 150,000 BTU/HR

11.2.4 HVAC Energy Source Evaluation
11.2.4.1 100 % Electrical Energy Source
The following outlines the estimated electrical demand if 100% electrical is utilized as the energy 
source for all HVAC equipment (ventilation, cooling, and heating):
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Table 11-25. HVAC Electrical Demand Summary (100% Electric Energy Sources)

Electrical Demand (100% Electric Energy Source)
Phase 1 Phase 2

Facility Cooling/Ventilation
Equipment

(KW)

Heating 
Equipment

(KW)

Cooling/Ventilation 
Equipment

(KW)

Heating 
Equipment

(KW)

Chemical Building (Sodium Hypochlorite) 5 31 - -
Chemical Building (Electrical) 10 7 - -
Chemical Building (Other) 6 313 - -
RW Building 2 76 - -
Rapid Mix Area 2 35 2 35
Floc/Sed Area 5 220 5 220
Ozone Generation Equipment Area 7 122 7 122
Filter Area 6 154 6 154
BW Recovery/PS 3 62 - -
Gravity Thickener 2 53 2 53
High Service Pump Station 18 56 - -
Electrical Building 35 27 - -
Mechanical Dewatering Building 5 41 - -
Recycle Pump Station 2 24 - -
Maintenance Warehouse 1 26 - -
Maintenance Building Office 1 44 - -
Admin. Building Operations - - 15 58
Water Quality Offices - - 15 58
Total 110 KW 1,291 KW 52 KW 700 KW
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Table 11-26. HVAC Electrical Amperage Draw Summary (100% Electric Energy Sources)

Electrical Amperage Draw (100% Electric Energy Source)
Phase 1 Phase 2

Facility Cooling/Ventilation 
Equipment

(Amps)

Heating 
Equipment 

(Amps)

Cooling/Ventilation 
Equipment

(Amps)

Heating 
Equipment 

(Amps)

Chemical Building (Sodium Hypochlorite) 15 38 - -
Chemical Building (Electrical) 20 10 - -
Chemical Building (Other) 8 393 - -
RW Building 3 96 - -
Rapid Mix Area 3 45 3 45
Floc/Sed Area 5 276 5 276
Ozone Generation Equipment Area 9 153 9 153
Filter Area 8 193 8 193
BW Recovery/PS 3 77 - -
Gravity Thickener 2 67 2 67
High Service Pump Station 23 70 - -
Electrical Building 85 35 - -
Mechanical Dewatering Building 7 52 - -
Recycle Pump Station 2 31 - -
Maintenance Warehouse 1 33 - -
Maintenance Building Office 25 55 - -
Admin. Building Operations - 30 73
Water Quality Offices - 30 73
Total 219 Amps 1624 Amps 87 Amps 880 Amps
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11.2.4.2 Natural Gas Energy Source
The following outlines the estimated natural gas demand if natural gas utilized is to be utilized as 
the energy source for all HVAC heating equipment.

Table 11-27. Natural Gas Heating Demand Summary

Natural Gas Demand (N.G. Energy Source for Heating Equipment)
Item Phase 1 Phase 2 Total

Total Natural Gas Input Heating Capacity (BTU/HR) 5,510,000 2,990,000 8,500,000
Total Natural Gas Input Demand (FT3/HR) 5,510 2,990 8,500

It should be noted that, in this scenario, the electrical demand for ventilation and cooling 
equipment listed in Section 11.2.4.1 will still be required.

11.2.4.3 Electric vs. Natural Gas Cost Opinion Comparison
The following table outlines a cost opinion comparison for electrical and natural gas as a heating 
energy source. The opinion compares the estimated initial difference in equipment cost, as well as 
the estimated yearly utility cost at both the small commercial and large commercial billing rates. 
The total energy demands for each building is based on preliminary building load models. 

The cutoff threshold for large commercial natural gas service is 50,000 therms per year, so it is 
assumed natural gas will cost $0.02302/therm with a $110.15 monthly base rate. Electrical rates 
will be subject to the final plant loads so the final electrical costs will be determined as design 
progresses. Small commercial rates are $0.08512/kWh June-September and $0.04256/kWh 
October-May. Large commercial rates are $0.0461/kWh, with peak demand fees of $5.63/kW at 
highest kW monthly usage, and generation fees of $14.02/kW June-September and $9.82/kW 
October-May. These fees have been applied to the table below. 

Natural gas will ultimately be the lowest operational costs for heating, but the net savings would 
depend on the additional costs associated with routing a new natural gas connection to the site. 

Table 11-28. Electrical vs. Natural Gas Preliminary Cost Opinion

Cost Opinion Comparison
Electrical Natural Gas

Item
Phase 1 Phase 2 Total Phase 1 Phase 2 Total

Initial Equipment Cost 
Difference -$60,000 -$30,000 -$90,000 +$60,000 +$30,000 +$90,000

Yearly Utility Cost Difference
(Small Commercial Rates)

+53,000 +31,000 +$84,000 -$53,000 -$31,000 -$84,000

Yearly Utility Cost Difference
(Large Commercial Rates)

+$21,000 +$12,000 +$33,000 -$21,000 -$12,000 -$33,000
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11.2.5 HVAC Controls
HVAC controls shall be stand alone and localized with the exception of that outlined below.

A campus-wide DDC network shall be provided with discrete alarms to SCADA for high 
temperature conditions provided for the Electrical Building and the Chemical Building – Electrical 
Room.

11.3 Plumbing Design Criteria
Onsite plumbing utilities include potable water and sanitary sewer connections. Plumbing 
services will include potable water, non-potable process water, building drains, and sanitary 
sewer. The Plumbing design and piping materials will be based on the 2015 International 
Plumbing Code.

11.3.1 Process Building
Backflow prevented potable water shall be supplied to various hose bibbs and freezeproof wall 
hydrants located throughout the Process Building for the purpose general washdown. Area floor 
drains to the sanitary sewer shall be provided.

11.3.2 Chemical Building
An Emergency Shower/Eyewash Station shall be provided within 50 ft of all hazards in 
accordance with ANSI /ISEA Z358.1.  An outdoor, freezeproof Emergency Shower/Eyewash 
Station shall be provided at the chemical fill locations.  The Emergency Shower/Eyewash Stations 
shall be supplied tepid water by a 119 Gallon storage tank water heater. A tepid water 
recirculation line shall be provided.

Backflow prevented potable water shall be supplied to various hose bibbs and freezeproof wall 
located throughout the Chemical Building for the purpose general washdown. Area floor drains to 
the sanitary sewer shall be provided.

11.3.3 Ancillary Facilities
If first-stage rapid mix is located at the RW Building, an Emergency Shower/Eyewash Station 
supplied with tepid water by a 119 Gallon storage tank water heater shall be provided.

Backflow prevented potable water shall be supplied to various hose bibbs and freezeproof wall 
located throughout the RW Building for the purpose general washdown. Area floor drains to the 
sanitary sewer shall be provided.

An Emergency Shower/Eyewash Station shall be provided at the Rapid Mix Area. The 
Shower/Eyewash Station shall be supplied with tepid water from the water heater located at the 
Chemical Building. A tepid water recirculation line shall be provided.

The Maintenance Building Office shall be provided with backflow prevented potable water 
serving lavatories, water closets, service sinks, water coolers, etc.
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Hot water to lavatories and sinks shall be provided by storage tank or point of use water heaters 
depending on demand and space limitations.

Sample drains and drains from reagent-less analyzers will be collected and recycled to the head of 
the plant. Colorimetric analyzers or other samples requiring chemical reagents will need to be 
collected separately and properly stored for disposal or sent to sanitary sewer as required.

11.4 Fire Protection Design Criteria
The Fire Protection design will be based on the 2015 International Fire Code and amendments, 
which has been adopted by the City of Westminster. The fire protection loop is expected to be fed 
from finished water storage and the High Service Pump Station. Adequate backup generation 
power would be needed at the High Service Pump Station to provide fire protection flows during 
a power outage, or diesel-powered fire protection pumps would be needed at the High Service 
Pump Station as an alternative.

11.4.1 Process Building
If the Process Building is assigned a Building Occupancy of F-1, any single area larger than 12,000 
FT2, and/or multiple areas not separated by fire rated walls with a combined area larger than 
12,000 ft2 will require a sprinkler system based on Section 903.2.4 of the 2015 International Fire 
Code. Any sprinkler system design shall be consistent with NFPA 13 requirements.

11.4.2 Chemical Building
The Chemical Building shall be provided with a sprinkler system as required based on the 2015 
International Fire Code for H-4 Occupancies. The sprinkler system design shall be consistent with 
the NFPA 13 requirements for Ordinary Hazard Group 2 classifications.
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Section 12
Structural Systems

This section describes structural design criteria and systems to be used on the City of 
Westminster’s new Water Purification Facility (WPF). These design criteria provide minimum 
requirements and will be used as a guide in the design of structures and components in the 
Project.

12.1 Applicable Codes and Standards
The strength, serviceability, and quality for materials and design procedures will conform to the 
codes, standards, and references listed below. In case of conflicting requirements, the 
requirements most applicable to the work will be used. Additional references and standards will 
also be used if needed for specific design components:

 2021* IBC – International Building Code.

 2018* City of Westminster – Design Criteria for Structures.

 2015* City of Westminster – Building Code Amendments (BCA).

 2016* ASCE-7 – Minimum Design Loads for Buildings and Other Structures, American 
Society of Civil Engineers.

 2019* ACI 318 – Building Code Requirements for Structural Concrete, American Concrete 
Institute.

 2006 ACI 350 – Environmental Engineering Concrete Structures and Commentary.

 2010 ACI 350.1 Specification for Tightness Testing of Environmental Engineering Concrete 
Containment Structures.

 2006 ACI 350.3- Seismic Design of Liquid-Containing Concrete Structures and Commentary.

 2018 ACI 351.3R-Report on Foundations for Dynamic Equipment.

 AISC 15th Ed. Steel Construction Manual.

 AISC 360-16 Specification for Structural Steel Buildings.

 AISC 341 – Seismic Provisions for Structural Steel Buildings.

 2020* ADM – Aluminum Design Manual.

 2016* TMS 402 – Building Code for Masonry Structures.

 2018 AWS D1.1 – Structural Welding Code – Steel, American Welding Society.
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*As of the writing of this report, the City of Westminster enforces the 2015 IBC and subsequent 
codes and design guides. Discussions with the City of Westminster Building Department revealed 
that the 2021 IBC will likely be adopted in either the fourth quarter of 2021 or early 2022. Based 
on the design implications of a code change, the design will proceed under the code that will 
likely be enforced during permitting.

12.2 Structural Design Criteria
Structures are designed for loads on the completed structures as listed below. During 
construction, structures will be supported by bracing or shoring, designed and provided by the 
contractor, wherever excessive loads may occur.

12.2.1 Risk category
Water Treatment Plant Structures Risk Category = III.

Finished Water Storage Tank Risk Category = IV.

12.2.2 Dead Loads
Dead loads will consist of the weight of the structure and all equipment of a permanent or semi-
permanent nature, including but not limited to: mechanical, electrical, and HVAC equipment and 
ductwork, electrical wiring, lighting, and interior partitions.

The following uniform loads will be used as a minimum:

 Interior partitions: 15 psf unless otherwise specified.

 Lighting, wiring, HVAC duct (total): 10 psf unless otherwise specified.

12.2.3 Live Loads 
Uniform live loads need not be applied in addition to equipment loads to floor areas which are 
permanently covered with equipment. Equipment room floors are designed for the uniform live 
loads or actual equipment load, whichever is greater.

Table 12-1. Uniform and Concentrated Live Loads

Use or Occupancy Uniform Load, psf Concentrated Load, 
lb

Roofs (non-concrete) 20 --

Electrical Rooms 300

Refer to equipment 
manufacturer's 

drawings for 
concentrated load

Process and Equipment Room Floors 200

Refer to equipment 
manufacturer's 

drawings for 
concentrated load

Office Areas 50 --

Office Corridors on First Floor 100 --

Office Corridors Above First Floor 80 --
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Use or Occupancy Uniform Load, psf Concentrated Load, 
lb

Stairways 100
300 (Apply 

concentrated load to 
stair tread only)

Personnel Assembly Areas, Lobbies 
and Exits 100 --

Storage Areas 125 (Unless the material stored justifies a higher 
uniform load) --

Elevated Platforms 100 --

Gratings Same as adjacent process or equipment room 
floor rating --

Unrestricted Vehicular Areas 300 Use AASHTO HS-20

12.2.4 Snow Loads
Snow loads are determined in accordance with the 2018 City of Westminster Design Criteria for 
Structures and ASCE 7-16.

Table 12-2. Snow Load Criteria

Parameter Value
Ground Snow Load, Pg 30psf

Minimum Roof Snow Load, Pf 30 psf

Importance Factor, IS 1.1 (Risk Cat. III), 1.2 (Risk Cat. IV)

12.2.5 Wind Loads
Wind loads are determined in accordance with the 2018 City of Westminster Design Criteria for 
Structures and ASCE 7-16.

Table 12-3. Wind Load Criteria

Parameter Value
Basic Wind Speed V = 150 mph

Site Exposure C

Importance Factor, Iw 1.0

Directionality Factor, Kd (Buildings and Walls) 0.85

Topographic Factor, Kzt 1.0

Velocity Pressure Exposure Coefficient, Kh and Kz ASCE 7 Table 26.10-1

12.2.6 Seismic Loads
Seismic design loads are determined in accordance with the ASCE 7-16 and the seismic design 
parameters provided in the geotechnical reports prepared for this project.
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Table 12-4. Seismic Load Criteria

Seismic Design Parameter Short Period Long Period
Mapped Spectral Acceleration Ss = 0.213 S1 = 0.059
Site Coefficients Fa = 1.3 Fv=1.5
Maximum Considered Earthquake (MCE) 
Acceleration SMS = 0.277 SM1= 0.089

Design Acceleration SDS=0.185 SD1= 0.057
Site Class C
Seismic Design Category C for finished water tank and B for all other structures
Importance Factor, IE & IP 1.5 for finished water tank and 1.25 for all other structures

12.2.7 Hydrodynamic Loads
Hydrodynamic loads for rectangular and circular tanks are determined in accordance with ACI 
350.3 and ASCE 7-16.

12.2.8 Soil Loads
Soil loads are determined in accordance with the recommendations provided in the geotechnical 
engineering report.  See Appendix A for Geotechnical Data Report and Geotechnical Engineering 
Report prepared for the WPF.

Table 12-5. Soil Load Criteria

Soil Design Parameters Value
Active 1 Equivalent Fluid Density
  Imported Low Plasticity 
      Above Groundwater/Moist Condition 45 pcf
      Below Groundwater/Saturated Condition 85 pcf
  Native clay/claystone/sandstone Materials
      Above Groundwater/Moist Condition 50 pcf
      Below Groundwater/Saturated Condition 90 pcf
  Granular Backfill Material
      Above Groundwater/Moist Condition 40 pcf
      Below Groundwater/Saturated Condition 80 pcf
At Rest, Equivalent Fluid Density
  Imported Low Plasticity 
      Above Groundwater/Moist Condition 65 pcf
      Below Groundwater/Saturated Condition 95 pcf
  Native clay/claystone/sandstone Materials
      Above Groundwater/Moist Condition 70 pcf
      Below Groundwater/Saturated Condition 100 pcf
  Granular Backfill Material
      Above Groundwater/Moist Condition 60 pcf
      Below Groundwater/Saturated Condition 90 pcf
Passive, Equivalent Fluid Density
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Soil Design Parameters Value
  Imported Low Plasticity 
      Above Groundwater/Moist Condition 330 pcf
      Below Groundwater/Saturated Condition 250 pcf
  Native clay/claystone/sandstone Materials
      Above Groundwater/Moist Condition 310 pcf
      Below Groundwater/Saturated Condition 235 pcf
  Granular Backfill Material
      Above Groundwater/Moist Condition 390 pcf
      Below Groundwater/Saturated Condition 265 pcf
Traffic Surcharge  240 psf (First 10ft Below Grade)

120 psf (10ft+ below grade)
Allowable Bearing Pressure 2

    Footings founded on structural fill 2500 psf
    Pile end bearing on rock (minimum) 13000 psf
Coefficient of Sliding Friction (Ultimate)
   Cast-in-place concrete on Sandy Clay Structural Fill 0.35
   Cast-in-place concrete on Sandy Clay Structural Fill 

with use of Vapor Barrier 0.15
Design Groundwater Level To Be Determined3

Modulus Subgrade Reaction
   On approved Structural Fill 120 pci
Frost Depth 36 inches

1 Yield greater than 0.001H, where H is the retained soil height.
2 Increase 1/3 of allowable pressure for seismic or wind loads.
3Three piezometers have been installed across the site to provide long term monitoring of the site’s groundwater condition. It 
is anticipated that in August, after one year of monitoring, the design groundwater level will be determined. 

12.2.9 Load Combinations
Design will be performed for combinations of loads, along with appropriate load factors or 
allowable stresses, in accordance with the IBC and ASCE 7-16. For liquid containing concrete 
tanks, load combinations will be in accordance with ACI 350 and ACI 350.3.

 Tanks with multiple liquid containing compartments (Interior/Divider walls) will be 
checked assuming any adjacent compartment is empty or full in any combination.

 Walls that are hydraulically connected such that liquid level on each side is not separated 
by gates or other walls are classified as baffle walls.

 Walls with backfill and groundwater or liquid-containing compartments will be checked for 
conditions where the liquid-containing compartments are both in an out of service.

 Durability is utilized to minimize crack width under normal operation conditions. This 
includes liquid at normal operation or soil backfilled to finish grade.
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 Load combinations for liquid containing structures are in accordance with ACI 350-06 § 
9.2.1 and 21.2.1.8(a). Durability is not applied to load combinations that include 
earthquake loads.

 For buried and partially buried structures the Impulsive Response Modification Coefficient, 
Ri listed in ACI 350.3 will be used.

12.2.10 Liquid Tightness Criteria
Liquid tightness testing per ACI 350.1 will be performed for liquid containing structures in 
accordance with ACI 350.1-10 § 2.1.1.2. The finished water storage tank shall have a maximum 
loss rate of 0.0125% of the test volume per day. All other liquid containing structures shall have a 
maximum loss rate of 0.05% of the test volume per day. Liquid tightness testing shall occur 
without any back fill placed against the walls or on the footings.

12.2.11 Serviceability Criteria
12.2.11.1 Deflection
Table 12-6. Deflection Criteria

Parameter Deflection Criteria
Roof Members and Deck

    Live, snow or Wind Load L/360

    Dead plus Live Load L/240

Floor Beams and Slabs

    Live Load L/360

    Dead and Live Load L/240

12.2.11.2 Vibration
Design will be performed for the effects of vibration to provide appropriate protection against 
structural deterioration, mechanical deterioration, and significant occupant discomfort as 
directed by ACI-351.3R.  Under normal circumstances, the guidelines below will be followed.

Mechanical Vibration

Concern for mechanical vibration is greatest for equipment such as blowers, induced-draft fans, 
generators, compressors, steady bearings at pump shafts and centrifuges.  Operating frequencies, 
unbalanced loads, and specific design recommendations will be obtained from the manufacturer 
by the discipline specifying the equipment.

To avoid resonant vibration, the ratio of the structure’s natural frequency to the operating 
frequency of the equipment will be restricted to less than 0.30 or greater than 1.30 for modes 
with greater than 10% mass participation. Vibration amplitude will be less than “Troublesome to 
persons” and cause no damage to structure as defined by figure 6.6.2.2 of ACI-351.3R. Where 
practical, the latter will be used to avoid resonance during equipment startup and shutdown.  
Consideration will be given to applicable modes of vibration, including vertical, lateral, and 
rotational.
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Design will be performed in accordance with the following guidelines for equipment which 
produce significant vibrational effects, where possible and appropriate:

 Equipment will be mounted on concrete foundations or supporting systems rather than 
metal supporting systems.

 A foundation pad or mat will be provided with a mass equal to five times the rotating mass 
of the equipment or three times the gross mass of the equipment (minimum), whichever is 
greater.

 Major equipment foundations and supporting systems will be isolated by separation joints 
or independent supports from the remaining structure to minimize vibrational 
transmission.

 Vibration isolators, dampeners, and/or inertia blocks will be provided where appropriate.

 Anchorage to foundations will be provided by cast-in or adhesive anchor bolts.  Drilled 
expansion anchors will not be used.

Transient Vibration

For elevated steel walkways or platforms, beams will be provided with a depth greater than or 
equal to 1/20 of the span.

12.3 Building Foundation Systems
12.3.1 Geotechnical Findings
Foundations for all structures are designed and detailed in accordance with the project 
geotechnical engineering report. Based on the geotechnical investigation results, it is assumed 
that spread footings or possibly mat foundations are suitable to support the structures. If a 
structure is unable to overcome the buoyant forces, deep foundations will be used.

12.3.1.1 Frost Protection
Protection will be provided for structures against excessive heave or settlement due to the action 
of frost. In most cases, the bearing level of frost-susceptible foundation elements will be 
established below the frost depth, of 36 inches, as provided in the geotechnical engineering 
report.  For minor structures that are tolerant to some movement, bearing level may be 
established above the frost depth, provided that frost formation can be inhibited in the zone 
between the bearing level and frost depth by providing a layer of free-draining material. If 
groundwater levels are at grade, foundation elements will be established below the frost depth.

12.3.1.2 Shallow Foundation Support
Design of shallow foundation elements (footings and mats), including excavation and backfill 
limits and details, will be performed in accordance with the recommendations of the geotechnical 
report. Over excavation of native materials varies between 4 feet and 6 feet as indicated in 
Table 6.1.1 of the geotechnical report.
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To the extent possible, buried piping and ductbanks will be maintained outside the influence zone 
of the foundation elements.  Limits of this zone will be established based on bearing materials’ 
characteristics as documented in the geotechnical report. At a minimum, this zone will be defined 
by a line extended outward and downward from the bottom corners of a foundation element at a 
one vertical to one horizontal (1:1) slope.  A reinforced concrete encasement or other appropriate 
protection will be provided for any utilities extending into this zone.

12.3.1.3 Settlement and Heave 
Structures constructed on over-excavated structural fill, in accordance with Table 6.1.1 of the 
geotechnical report, can experience 1 inch of settlement. Differential settlement, of ½ inch across 
a 50 ft span, may occur for structures bearing on structural fill. Due to the presence of expansive 
clays and claystone bedrock, slab heave between 1.0 and 1.2 inches may be experienced. 
Movement of sensitive structures will be evaluated based on anticipated loading and subgrade 
conditions.

12.3.1.4 Buoyancy General Criteria
Buoyancy is defined as the condition of instability resulting when uplift forces due to 
groundwater exceed resisting forces due to dead load and anchorage systems.  Design will be 
performed in accordance with the following. Groundwater appears to be flowing along the soil 
bedrock interface, approximately 6 feet to 9 feet below grade, and piezometer indicating 
groundwater deeper at 12 feet to 21 feet below grade.

Design groundwater elevation = To be determined by the Geotech; preliminary information is 6 
feet to 9 feet below grade.

Complete Structures

For groundwater at the design level, structures will be designed to resist buoyancy considering 
only the structure dead load and soil loading. A soil wedge based on a 12 degree angle from the 
vertical axis projected from the edge of the structure or footing extensions can be utilized.  The 
effects of live loads, liquid contents, vertical soil friction and soil cohesion will be neglected.  
When anchorage systems are used, they will be designed to resist the net uplift force transmitted 
to the components of the anchorage. Structures will be designed to provide the following 
minimum factors of safety, calculated as the ratio of total resisting force to total buoyant force.

Where appropriate, design buoyant pressures can be reduced using an underdrain system 
beneath the structure.  The system will consist of a network of perforated underdrain pipes, 
connected and installed in a continuous layer of crushed stone.  Filter fabric will be provided 
between the crushed stone and surrounding soil to prevent migration of fines into the stone 
voids. Underdrain piping will be required to either daylighted or discharge into a manhole with a 
sump pump.

Minimum Safety Factors

Floating safety factors are selected in accordance with ACI 350.4 recommendations. Two 
scenarios will be investigated.
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 Worst-case condition: Groundwater soil/bedrock interface, SF = 1.10.

 Well-defined condition: Groundwater below-grade (to be updated by Geotechnical 
Engineering), SF = 1.25.

Partially Complete Structures

Structures will be designed to be dewatered until all concreting for that structure is complete. To 
maintain a dewatered excavation, it will be required that groundwater will be maintained by the 
Contractor, at any given time, at or below the surface of the backfill currently in place.

12.3.1.5 Soil Corrosiveness
Laboratory tests were performed on soil samples to determine pH, water-soluble sulfate content, 
water-soluble chloride contend, and electrical resistivity to evaluate corrosiveness. These tests 
indicate that the soil is corrosive to buried metal objects. Additionally, these soil tests indicated 
that the majority of the soils have negligible (S0) sulfate content. However, boring B-16, near the 
location of the proposed dewatering building, indicated an area severe (S2) sulfate content. To 
minimize the potential for sulfate attack on concrete structures, all structural concrete will utilize 
Type II cement, have a compressive strength of 4,500 psi, and a water to cement ratio of 0.42.

12.4 Building Systems
12.4.1 Process Building
The overall size for the Process Building is approximately 330 ft long and 100 ft wide. The 
process building contains the rapid mix basin, flocculation basin, sedimentation basin, ozone 
contact and equipment area, filters, and operating area. To the east of the water treatment basins, 
a reinforced concrete utility corridor (utilidor) will be constructed that runs the entire length of 
the process building. The structure for the water treatment processes will consist of a partially 
buried reinforced concrete structure. The exposed portions of the concrete basin walls will 
incorporate a stencil on the exterior face or masonry veneer system. The water treatment 
processes will be enclosed by a pre-engineered metal building, with architectural metal panels 
and trim, translucent insulated panels, with a sloped metal roof. The height of the process 
building will be determined by the required clear height required to clear height over equipment, 
what is necessary to perform maintenance operations, or the slope needed to provide storm 
water drainage.

When designing the process building and developing the design criteria for the per-engineered 
metal building, the tributary loading from future construction is to be considered during phase 1 
design along common structural systems. Additionally, a portion of the subgrade preparation 
requirements for the phase 2 process building should be performed during phase 1 construction 
to prevent undermining of a structure during future construction.

12.4.2 Chemical Building
It is currently estimated that the chemical building will be approximately 290 ft long by 70 ft 
wide. The interior height of the chemical building will be established by the height of the chemical 
tanks. The building will utilize a structure steel frame with a building envelope that utilizes brick 
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veneer, decorative metal panel, and glass curtain wall systems. The building envelope will be 
supported by steel studs and structural steel. The floor plan of the chemical building will be split 
up by containment walls around chemical storage tanks. Interior walls, between chemical storage 
areas, will consist or reinforced masonry walls. Roll up doors will be installed in the building wall 
for each chemical to facilitate removal and replacement of chemical storage tanks. The roof will 
consist of steel joist and metal deck system.  To the west of the chemical building will be a lime 
storage area, the reinforced concrete footprint for this area is estimated to be 75 ft long by 70 ft 
wide.

12.4.3 Ancillary Facilities
12.4.3.1 Raw Water Control Building
The raw water control building will be approximately 40 ft long by 40 ft wide. The interior height 
of the building will be established by the height of interior equipment and maintenance 
requirements. The building will consist of a partially buried reinforced concrete structure with a 
reinforced CMU structure with decorative metal panels and veneer system. The roof will consist 
of steel joist and metal deck system.

12.4.3.2 High Service Pump Station
The high service pump station will be approximately 150 ft long by 40 ft wide. The interior height 
of the building will be established by the height of interior equipment and maintenance 
requirements. The building will consist of a partially buried reinforced concrete structure, 
structure steel frame with a building envelope that utilizes brick veneer, decorative metal panel, 
and glass curtain wall systems. The roof will consist of steel joist and metal deck system. For 
pump maintenance and removal, skylight and bridge cranes will be evaluated for their feasibility, 
cost, and preference of WPF operators.

12.4.3.3 Administration and Maintenance Building
The Administration and maintenance building will be approximately 100 ft long by 50 ft wide. 
The building will utilize a structure steel frame with a building envelope that utilizes brick 
veneer, decorative metal panel, and glass curtain wall systems. Interior walls will be composed of 
reinforced masonry or steel stud walls as required by the function of the room.

12.4.3.4 Recycle Pump Station
The recycle pump station will be approximately 35 ft long by 35 ft wide. The interior height of the 
building will be established by the height of interior equipment and maintenance requirements. 
The building will consist of a partially buried reinforced concrete structure with a reinforced CMU 
structure with decorative metal panels and veneer system. The roof will consist of steel joist and 
metal deck system.

12.4.3.5 Dewatering Building
The dewatering building will be approximately 85 ft long by 45 ft wide. The interior height of the 
building will be established by the height of interior equipment and maintenance requirements. 
The building will consist of a reinforced concrete slab on grade, reinforced masonry walls with a 
building envelope that utilizes brick veneer, decorative metal panel, and glass curtain wall 
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systems. The roof will consist of steel joist and metal deck system. For equipment and pump 
maintenance and removal, skylight and bridge cranes will be evaluated for their feasibility, cost, 
and preference of WPF operators.

12.4.3.6 Backwash Equalization Basin
The backwash equalization basin will be approximately 60 ft long by 76 ft wide. The basin will 
consist of a partially buried reinforced concrete structure. The exposed portions of the concrete 
basin walls will incorporate a stencil on the exterior face or masonry veneer system. The basin 
itself will have a concrete lid on the basin in lieu of a building. For equipment removal and basin 
access, metal access hatches will be provided. The recycle pump station adjacent to the basin is a 
20 ft wide by 20 ft long building. The pump station building will be partially buried structure. The 
reinforced masonry walls will utilize a brick veneer or masonry veneer system for the portions 
that are exposed. The roof will consist of steel joist and metal deck system.

12.4.3.7 Solids Drying Beds
The three solids drying beds are approximately 325 ft long by 125 ft wide each. The base of the 
drying beds will be constructed with a reinforced concrete slab supporting the bed media and 
underdrain piping. The sloped sides of the basins will be an earthen clay liner. There are no above 
grade structural or architectural components associated with the drying beds.

12.5 Structural Materials
12.5.1 Concrete
 Class A: f’c = 2,500 psi for concrete fill, duct encasement, and where noted.

 Class B: f’c = 3,000 psi for sidewalks, pavements, and where noted.

 Class D1:  f’c = 4,500 psi with NSF 61 certified materials for structural concrete in contact 
with potable water.

Any concrete curing compound or coating system that will be in contact with water must be 
NSF 61 certified.

 Class D2:  f’c = 4,500 psi for other structural concrete, unless otherwise noted.

 Reinforcing steel: ASTM A615, Grade 60.

 1 inch nominal maximum aggregate size. Aggregate sizes will vary based on pour thickness 
and shrinkage limits.

12.5.1.1 Concrete Design
Design of all concrete structures will be performed (by engineer), except for items indicated 
below as deferred submittals.  Member sizes, reinforcement, and details will be determined in 
accordance with governing code(s).
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Design Methods

Structures will be designed by the Strength Design Method (Ultimate Strength). Building 
structures will be designed in accordance with ACI 318 and liquid containing structures designed 
in accordance with ACI 350 & ACI 350.3. Liquid containing structures design will include 
durability coefficients and serviceability requirements recommended for normal environmental 
exposure.

Structural concrete and environmental concrete structures will be specified in accordance with 
ACI 301 and ACI 350.5.

Reinforcement

Minimum Reinforcement
The minimum area of reinforcement is mainly a function of the distance between movement 
joints (those which dissipate shrinkage and temperature stresses) in the direction of the 
reinforcement.  It is also a function of the concrete mix, element thickness, and environmental 
conditions.

For concrete functioning as continuous liquid containment a minimum total area of 
reinforcement will be provided in accordance with the recommendations of ACI 350 for normal 
cement and service conditions. Shrinkage and temperature reinforcement will be provided in 
accordance with ACI 350 § 7.12.2. A minimum bar size of #4 (except for ties and stirrups) and a 
maximum spacing of 12 inches will be used. Concrete sections that are at least 24 in. thick will 
have minimum shrinkage and temperature steel based on a 12 in. concrete layer each face.

Clear Cover
Reinforcing steel have the following clear concrete cover, unless otherwise noted:

 Unformed surfaces in contact with earth: 3 inches.

 Surfaces exposed to water or weather and formed surfaces exposed to earth: 2 inches.

 Concrete surfaces for dry conditions:

Walls, slabs, and joists: 1-1/2 inch.

Beams and columns - primary reinforcement: 2 inches.

Beams and columns - stirrups, spirals, & ties: 1-1/2 inches.

Slabs

Structural slabs less than 8 inches in thickness will be designed with a single grid of reinforcing 
steel; structural slabs 10 inches or greater in thickness will be designed with two grids of 
reinforcing steel, unless the cover and bar sizes required would result in concrete placement 
problems.

Walls

Walls less than 10 inches in thickness will be designed with a single grid of reinforcing steel; walls 
10 inches and greater will be designed with two grids. Walls less than 12 inches thick will be 
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restricted to less than 10 feet high for any one placement, to avoid concrete placement and 
consolidation issues.  A minimum thickness of 12 inches will be used for walls continuously 
containing liquid.

Liquid Containing Structures Freeboard

Freeboard for each tank was checked in accordance with ASCE 7 & ACI 350.3. The maximum of 
the two was selected for the seismic freeboard. No water is allowed to overtop the structure 
during a seismic event except as specifically discussed with the Program (as is the case for 
ballasted flocculation basins, where spillage away from corridors and occupied spaces is desired 
over the capital cost of further increasing tank height). Each length of tank perpendicular to the 
wall in question is checked and the maximum freeboard of those lengths is provided.

12.5.2 Steel
 Structural W shapes: ASTM A992.

 Other structural shapes: ASTM A36.

 Structural steel plates: ASTM A36 or ASTM A572 where required.

 Hollow structural sections (HSS): ASTM A500, Grade B.

 Stainless Steel: Type 304/304L unless Type 316/316L is specifically in the Contract 
Documents to provide higher corrosion protection.  Type 316 will be specified to be used in 
submersion scenarios, if stainless steel is exposed to chemicals the type will be selected as 
appropriate.

 Pipe: ASTM A53, Grade B.

 High strength bolts: ASTM F3125 Grade A325, minimum 5/8 inch diameter.

 Cast-in anchor bolts: ASTM F1554, minimum ¾ in. diameter.

 Electrodes: AWS D1.1 with minimum strength of 70 ksi.

12.5.2.1 Steel Design
Steel design will conform to the AISC Steel Construction Manual and AISC 341 Seismic Provisions 
for Structural Steel Buildings guidelines. Design of structural metals will be performed in 
accordance with Allowable Strength Design (ASD) methods or Load Factor and Resistance Design 
methods (LRFD) in the referenced codes.

12.5.2.2 Steel Deck
Deck sizes, profiles and connections will be selected from load tables in the referenced standards. 
Deck capability will be verified with ICC test reports in compliance with the 2018 or 2021 
International Building Code. Support connections will be attached using puddle welds, tek screws 
or powder-actuated fasteners. Sidelap connections will be top seam welds, or screws.

Deflections will be limited based on Table 12-6.
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12.5.2.3 Joists and Joist Girders
Steel joist will be deferred submittals. Joist designations will be selected from load tables in the 
referenced standards. Design loads will be provided in the contract documents.  For loads other 
than uniform loads, a load diagram will be provided on the drawings.  Point loads greater than 
100 pounds will be shown on load diagrams.

12.5.2.4 Gratings
Sizes of metal gratings will be selected in accordance with the manufacturer’s load tables for 
uniform loads and limited concentrated loads defined in the tables. Removable sections of grating 
panels will be limited to 80 pounds.

12.5.3 Masonry
 Concrete masonry units: ASTM C90, normal weight.

 Mortar: ASTM C270, Type S, minimum compressive strength of 2,000 psi at 28 days.

 Grout: ASTM C476, minimum compressive strength of 2,000 psi at 28 days.

 Specified prism compressive strength f’m = 2,000 psi.

 Reinforcing steel: ASTM A615, Grade 60.

12.5.3.1 Masonry Design
The size and layout of all loadbearing masonry elements (exterior walls, bearing walls, shear 
walls, pilasters, columns, beams, and lintels) will be designed in accordance with governing 
building code(s).

Special reinforced masonry shear walls will be provided. All courses and cells will be fully 
grouted. Reinforcement will be detailed in accordance with TMS 402. Masonry will not be used in 
either below ground or submerged applications.

 In general, the spacing of control joints in masonry walls will be controlled by other 
building components and architectural requirements.  The layout of control joints will be 
reviewed for its effect on the structural design of the masonry, particularly in regard to 
structural elements such as masonry lintels bond beams functioning as tension chords in 
“box system” buildings.

 Wall design for out-of-plane loads will be in accordance with TMS 402 § 9.3.5. This section 
requires the inclusion of P-delta effects and deflection limits, which will allow design to 
achieve the Program’s seismic performance objectives.

12.5.4 Aluminum
 Structural shapes and plates: Alloy 6061-T6.

 Extruded pipe: Alloy 6063-T6.
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 Fasteners: Type 304 stainless steel with dielectric sleeves and washers.

12.5.5 Aluminum Design
Aluminum design will conform to the aluminum design manual. Design of aluminum will be 
performed in accordance with Allowable Strength Design (ASD) methods or Load Factor and 
Resistance Design methods (LRFD) in the referenced codes.

12.5.6 Anchors
 Anchors are to be provided based on the following criteria:

Anchor Material Anchor Location
Zinc-Coated Indoor 
Hot-Dipped Galvanized Outdoor
Stainless Steel 304 Areas subject to washdown or corrosive environments
Stainless Steel 316 Submerged 

 Post-installed concrete anchors (e.g., expansion and adhesive anchors) will have current 
ICC-ES or IAPMO reports and be suitable for use in cracked concrete. Anchors installed in 
overhead applications will have ICC-ES or IAPMO reports stating anchors are suitable for 
sustained tension.
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Section 13
Finished Water Storage, High Service Pump 
Station, and Discharge Main

13.1 Finished Water Storage Design Criteria
The finished water storage tanks, including storage volume requirements, will be sized based on 
High Service Pump Station (HSPS) operational needs and City-desired on-site storage 
requirements for plant and distribution operations. Initial storage volume is assumed to be 
equivalent to 10% of plant design flow or 3-million gallons (MG) for the Phase 1 plant capacity of 
30 MGD and 6-MG for the Phase 2 ultimate capacity of 60 MGD. To meet these requirements, a 
single 3-MG tank is recommended to be constructed in Phase 1 and a second 3-MG tank 
constructed in Phase 2. To allow for scheduled or unscheduled downtime of the single 3-MG tank, 
a wet well will be incorporated into the high service pump station to allow for temporary bypass 
of the finished water storage tanks. The location of the finished water storage tanks, relative to 
finished grade, is dependent on the WTP hydraulic grade line, site grading, and material type. It is 
anticipated that site grading and hydraulic grade line constraints will result in greater than half of 
the structure height located below grade.

Round concrete tanks are typically preferred for finished water storage tanks, as the circular 
shape is the most efficient for water storage (storage volume vs. construction material). Based on 
preliminary evaluation, the recommended tank types are (1) AWWA D110 wire- or strand- 
wound, circular, prestressed concrete, and (2) AWWA D115 tendon-prestressed concrete. Final 
selection between the two recommended alternatives will be based on the quantity and volume 
requirements for the finished water storage tanks, plant site and hydraulic gradeline constraints, 
and construction cost estimates.

The storage tanks will be designed in accordance with the 2021 IBC, subsequently enforced 
design guidance, and recommendations of the geotechnical report for the Westminster WTP site. 
Concrete tanks must meet the water tightness criteria specified by ACI 350.1 for its construction 
type. Traditionally constructed cast-in-place concrete will be tested for leakage at 0.050% of the 
stored volume and monolithically placed floors designed to be shrinkage crack free will be tested 
at 0.0125% of the stored volume.

13.1.1 Appurtenances
Baffling for the finished water storage tanks is introduced and discussed in detail in Section 4.7 
as it relates to the multi-barrier disinfection strategy. For a simple baffle arrangement in an 
AWWA D110 or D115 tank, curved shotcrete baffles are recommended to direct flow through the 
storage tank.
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13.2 High Service Pump Station Design Criteria
This section describes the key features of the finished water pumping system and components 
located in the High Service Pump Station, including hydraulic design conditions, pumping 
equipment, process piping, and valving.

Surge mitigation for the high service pumps will be coordinated with the finished water pipeline 
project.

13.2.1 Hydraulic Design Conditions
Installed pumping equipment will deliver the full range of flows for each phase across all 
anticipated system hydraulic conditions. The terminal tank location is to be determined during 
the next phase of design.

13.2.1.1 Flow and Phasing Summary
Table 13-1 summarizes the required flows for each phase and anticipated number of pumps and 
operational scheme. Pump flow ranges are intended to assure no flow gaps between 3.5 MGD and 
60 MGD utilizing VFD turndown. During average operational conditions, the duty/standby 
arrangement can be met utilizing different combinations of pumps and is not exclusive to the 
listed arrangement.

Table 13-1. Flow and Phasing Summary

Completion Stage Flow Value (MGD) Number of 
Pumps Installed Duty/Standby

Minimum 3.5 1 small/3 large + 1 small
Average 15 1 large + 1 small/2 large + 1 smallPhase 1

Maximum 30

(2) 5 MGD
(3) 10 MGD

3 large/2 small
Minimum 7 1 large/5 large + 2 small
Average 25 3 large/3 large + 2 smallPhase 2

Maximum 60

(2) 5 MGD
(6) 10 MGD

6 large/2 small

The City requested that an additional operational scenario be considered that will allow the High 
Service Pump Station to provide neighboring areas with increased pressure in the 10-20 psi 
range. This scenario will be further vetted during design with the goal of utilizing pumping 
equipment that can satisfy both this request and normal operation design criteria.

13.2.1.2 Finished Water Storage and Pump Station Elevations and Operating Ranges
Table 13-2 summarizes relevant elevations at Finished Water Storage and High Service Pump 
Station reflecting the preliminary design layout and grading concepts as well as the predicted 
normal tank operating levels. These elevations may change slightly during final design as site 
layouts, grading, and the hydraulic profile are finalized.
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Table 13-2. Finished Water Storage and HSPS Elevations

Location Floor Slab 
Elev (ft)

Overflow 
Elev (ft)

High Water 
Surface Elev (ft)

25% of Tank 
Elev (ft)

75% of Tank 
Elev (ft)

Finished Water Storage 5329.5 5352.5 5351.5 5335.3 5346.8
Wet Well 5329.5 5352.0 5351.0 5335.1 5346.4
High Service Pump Station 5354.0 -- -- -- --

13.2.2 Pumping Equipment, Process Piping, and Additional Appurtenances
The following equipment will be installed in the High Service Pump Station above the pump wet 
well. Pumps will pull from the wet well and discharge into the finished water header for 
conveyance to a terminal location.

13.2.2.1 Finished Water Pumps
Multiple pumping units, consisting of a vertical turbine pump coupled to a variable frequency 
drive (VFD) driven electric induction 480 volt, 3 phase motor will be provided to meet the 
hydraulic design conditions described in Section 13.2.1.1. The pumps will have a targeted 
maximum pump speed of 1,200 rpm to promote seal and bearing longevity and prevent excessive 
Net Positive Suction Head requirements. Vertical turbine pumps were selected due to the 
configuration of the Finished Water Storage in relation to the High Service Pump Station and the 
determination that a wet well would provide the plant additional operational flexibility and 
resiliency.

13.2.2.2 Process Piping
The mechanical piping layout within the High Service Pump Station will meet the requirements of 
the Hydraulic Institute Standard 9.6.6 – Rotodynamic Pumps for Pump Piping. Fabricated steel 
piping designed for a working pressure of 150 - 200 psi is recommended. Piping will have 
restrained joints at connections to valves and pumps.

13.2.2.3 Additional Appurtenances
Each pump discharge lateral will be equipped with an AWWA C504 butterfly valve, tilted disc 
check valve, and combination air valve sized per AWWA M51. The connection between the pump 
discharge head and process piping will be a flanged joint with a restrained dismantling coupling 
to allow for dismantling of the system for maintenance or replacement. Local pressure gauges 
will be provided on the discharge of each pump, with accompanying transmitters providing 
individual pump discharge pressures to the PLC/SCADA system for monitoring and control. 
Additionally, each pump will have individual discharge pressure switches for pump protection.

13.2.3 Pumping Control
The overall control philosophy of the finished water pumping system will be based on plant 
production, available finished water storage volume, and terminal tank water surface elevation. 
Level settings in the finished water storage tank will dictate pump On/Off operation and the 
pumps will transition to operating in a speed control manner to maintain a level setpoint range 
(i.e. higher tank levels will drive the pumps to increasing speed to achieve setpoint). Wet well 
level will also be monitored and Alternatively, the pumps may operate based on a flowrate 
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setpoint that will keep a constant supply flow to the terminal tank location regardless of 
upstream or downstream hydraulic conditions except for high and lowlevel alarm conditions. 
When operating in “Remote” mode, each pump starts and stops in accordance with commands 
from the Programmable Logic Controller connected to a PLC-based SCADA system. Manual 
overrides are available to start, stop and control the speed of each pump at both the pump Local 
Control Panel and the VFD. The pump motors are equipped with anti-reverse ratchets. The PLC 
automatically alters pump lead and lag operations and standby mode, which can also be manually 
set.

13.3 Finished Water Pipeline Design Criteria
Due to the corrosivity of the site soil, fabricated steel piping designed in accordance with AWWA 
M11 and AWWA C200 standards and a cathodic protection system are recommended. Details and 
locations for cathodic protection system components including test stations, anode placement, 
bonding details, and metallic isolation kits will be designed to protect the finished water pipeline. 
Connection with the existing distribution system will be coordinated during the next design 
phase.

13.3.1 Appurtenances
Similar to the pump discharge laterals, the discharge header and yard piping will have 
appropriate pressure gauges/transmitters and air valves where applicable. A double or triple 
offset buttergly valve is recommended at or near the location where the finished water pipeline 
leaves the site. Two blow off valves for pipeline draining will be located at the pump discharge 
header outside of the High Service Pump Station and at a low point along the finished water 
pipeline as it travels to the site exit location.
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Section 14
Permitting Requirements

14.1 Phase I Environmental Site Assessment (ESA)
A Phase I ESA was performed of the WTP site or Property. The Phase I ESA was performed in 
conformance with the scope and limitations of the American Society for Testing and Materials 
(ASTM), Standard Practice for Environmental Site Assessments: Phase I ESA Process (ASTM 
E1527-13). The following bullets summarize the ESA report findings.

 Evidence of previous development was observed during the site reconnaissance as the 
Property formerly operated as an agricultural homestead. Remnants of foundations, 
fencing, watering troughs, and a concrete storage vault were observed in the northern 
portion of the Property.

 The Property was previously developed and was agricultural in nature since at least 1937, 
and is currently abandoned agricultural. Roads and a structure were present on the 
Property in the 1940 topographic map, and by 1956, six structures are shown on the 
Property on topographic maps. The 1937 aerial photograph shows several structures 
present on the Property until about 1994 when no structures remain. The Property and 
surrounding area have been agricultural in nature for at least 57 years and more than likely 
longer. Areas surrounding the Property included a mix of open space, residential, and 
commercial development by 2017. Although, no recognized environmental conditions 
(RECs) were identified based on the historical sources reviewed for the Property, the prior 
agricultural nature of the Property and potential sources of contamination such as tanks or 
a septic system may remain on the Property.

 The Property was not referenced in the environmental database report. The database 
report identified four off-site listings within the prescribed ASTM search of the Property. 
These properties were not considered RECs with respect to the Property based on their 
regulatory closure status and/or distance from the Property. Interviews with agencies did 
not identify RECs in conjunction with the Property.

It is Olsson’s opinion that further environmental assessment of the Property is not warranted 
based on the ESA report findings. The Phase I ESA did not identify any RECs associated with the 
Property; although historic activities and the presence of an agricultural homestead on the 
Property may be of concern. The presence of heating oil tanks or fuel tanks associated with 
farming equipment and possibly a septic system could be located on the Property. Additionally, 
while outside of the scope of the Phase I ESA, asbestos in soils could be an issue of concern.
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14.2 Cultural Resource Desktop Review
A cultural resource desktop review was performed in support of the City’s planning and design 
for the WTP site. A desktop diligence study of the WTP site was completed to identify cultural 
resources within 0.50 mile of the Project. Evaluation included a search of site files, records, 
technical reports, and map files from the Office of Archaeology and Historic Preservation (OAHP) 
Compass database, listings on the National Register of Historic Places (NRHP), state and national 
historic landmarks, aerial photographs, historic General Land Office (GLO) plat maps, historic 
United States Geological Survey (USGS) topographic maps, historical markers, cemeteries, and 
Natural Resources Conservation Service (NRCS) Web Soil Survey data.

Review of historic maps identified five historic structures and a road within the Project site 
boundary. Based on review of aerial photography, there is a road and there appears to be the 
remnants of a foundation within the Project site boundary. Additional ephemeral features related 
to the structures may be present. According to the OAHP records search, no historic resources 
have been recorded in the Project area. Most of the Project area has not been previously 
surveyed.

No known NRHP eligible historic properties were identified in the cultural desktop review within 
the Project site boundary. However, because significant cultural resources may exist in areas of 
the Project site where cultural inventory has not been completed, it was recommended that a 
Class III cultural resources inventory of the Project site be completed and an Inadvertent 
Discovery Plan (IDP) be prepared to outline the process and procedures for any unanticipated 
resources discovered during construction. A Class III cultural resources inventory of the WTP site 
was completed as described in the next section.

Additionally, a Human Remains, Cultural Resources, and Paleontological Resources IDP has been 
prepared and will be followed by the City and its contractors if cultural resources, including 
human remains, are discovered during any ground-disturbing activities for the Project. The IDP 
provides important information concerning the process to follow if human remains, pre-historic 
or historic artifacts or features, and/or fossils are encountered during ground-disturbing 
activities once construction commences. This IDP supports CRS 24-80-401-411 (Part 4 – 
Historical, Prehistorical, and Archaeological Resources), and the City’s goals “to identify, 
recognize and protect Westminster’s unique and irreplaceable historic and cultural heritage” 
(City of Westminster 2015).

14.3 Class III Cultural Resources Inventory
A cultural resources inventory was conducted to assist the City in meeting potential obligations 
under 36 Code of Federal Regulations (CFR) Part 800 of the National Historic Preservation Act of 
1966, as amended in 2000 (NHPA), should a federal nexus for the Project be identified. The 
reporting was intended to aid the City in completing cultural due diligence for the Project to help 
inform Project siting and design. 

The Class III cultural resources inventory provided 100 percent coverage of the area of potential 
effects (APE), which is the approximate 40 acre WTP site. The fieldwork was conducted 
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September 3, 2020, and February 23, 2021. One cultural resource, a historic stockyard/feed lot 
(5JF.7781), was recorded. The resource is not significant under any of the NRHP evaluation 
criteria. Site 5JF.7781 was recommended not eligible for listing in the NRHP. Based on the results 
of the cultural resources inventory and previous cultural resources work in the area, the Project 
team concluded there is little potential for subsurface cultural deposits within the APE, and a 
finding of no effect to historic properties from this Project was recommended. No further cultural 
work is recommended.

14.4 Noxious Weed and Invasive Species Vegetation Control 
Management Plan
Field bindweed (Convolvulus arvensis) was observed site wide during a site visit on June 24, 2020. 
Additionally, Russian olive (Elaeagnus angustifolia), cheatgrass (Bromus tectorum), leafy spurge 
(Euphorbia esula), Canada thistle (Cirsium arvense), musk thistle (Carduus nutans), and hoary 
cress (Lepidium draba) were observed on site. Canada thistle, hoary cress, leafy spurge, musk 
thistle, and Russian olive are Colorado List B noxious weeds, and cheatgrass and field bindweed 
are Colorado List C noxious weeds.

A Noxious Weed and Invasive Species Vegetation Control Management Plan (Plan) has been 
prepared for the WTP site. The noxious weed and invasive species management strategies 
presented in the Plan align with the purpose of the State of Colorado, Department of Agriculture 
Noxious Weed and Invasive Species Control Program: “The aim of the Noxious Weed Program is 
to control noxious weeds, the non-native aggressive invaders that replace native vegetation, 
reduce agricultural productivity, cause wind and water erosion, and pose an increased threat to 
communities from wildfire.” The primary purpose of the Plan is to describe the measures 
appropriate to control the introduction and establishment of noxious weeds and to eradicate 
invasive species on the Project site and in disturbed areas cleared for Project construction. The 
goals of this Plan include eradication, containment, suppression, and restoration of the WTP site.

14.5 Environmental Survey
An environmental field survey for the Project was completed on June 24, 2020. The 
environmental field survey excluded review of appurtenant facilities that will connect to the WTP 
site or be associated with it (e.g., raw and finished water pipelines). A summary of key findings 
and recommendations is presented by resource below.

14.5.1 Waters of the United States (WOUS) Review
A review of WOUS, soils, and Federal Emergency Management Agency (FEMA) data was 
conducted. No potential wetlands or WOUS were observed on the WTP site; therefore, Clean 
Water Act (CWA) Section 404 permitting is not anticipated to be required. Additionally, no 
surface Waters of the State were identified within the WTP site. One National Wetland Inventory 
(NWI) mapped freshwater pond is located south of the Project site, which may serve as a 
stormwater infiltration or detention pond for surrounding roadways. The WTP site is not located 
within the FEMA 100 year flood zone. One soil type was identified through the NRCS search 
within the WTP site: Nunn-Urban land complex, 0 to 2 percent slopes. This soil type is not listed 



Section 14    Permitting Requirements
City of Westminster Basis of Design Report
Water 2025
June 21, 2021
Page 14-4

in the National Hydric Soils List for Jefferson County, Colorado. The WTP site is classified as “Not 
Prime Farmland” by the NRCS.

14.5.2 Regulated Species Review
A review of regulated species and their habitat was conducted. A total of seven federally listed 
threatened, endangered, or candidate species are listed for Jefferson County, Colorado. Critical 
habitat has been designated for four of the listed species potentially occurring in Jefferson 
County, including Canada lynx (Lynx canadensis), piping plover (Charadrius melodus), whooping 
crane (Grus americana), and Mexican spotted-owl (Strix occidentalis lucida). Critical habitat has 
not been designated by the United States Fish and Wildlife Service (USFWS) for Ute ladies’-tresses 
(Spiranthes diluvialis), western prairie fringed orchid (Platanthera praeclara), or pallid sturgeon 
(Scaphirhynchus albus). The WTP site does not contain any mapped critical habitat for the 
aforementioned species; in fact, there is no mapped critical habitat within approximately 30 miles 
of the Project area.

An active prairie dog town, inhabited by black-tailed prairie dogs, was observed within the WTP 
site and prairie dog burrow holes were abundant throughout the majority of the site. Black-tailed 
prairie dogs are listed as a species of special concern by Colorado Parks and Wildlife (CPW), 
which is not a statutory category; however, because of the presence of prairie dog burrows, 
burrowing owl habitat exists on site. Burrowing owls are listed as a state threatened species by 
CPW. CPW recommends a buffer of 0.125 mile around burrowing owl nests for human 
encroachment between March 15 and August 31, and a buffer of 0.25 mile around burrowing owl 
nests for industrial activities between March 15 and October 31. CPW also recommends that 
efforts to eradicate prairie dogs or destroy abandoned towns not occur between March 15 and 
October 31 when burrowing owls may be present. If activities to eradicate prairie dogs or destroy 
abandoned towns are scheduled to occur between March 15 and October 31, burrowing owl 
surveys will be performed to determine if burrowing owls are occupying the prairie dog town to 
prevent potential impacts to burrowing owls and their habitat.

If the final Project design, construction, operation, and/or maintenance result in consumptive use 
of waters from the South Platte River basin, federally listed species associated with the South 
Platte River may be impacted by the Project, and coordination with the USFWS will be required 
prior to construction. The Project will be designed and constructed to replace the City of 
Westminster’s aging Semper WTP and through this replacement of infrastructure, no new or 
additional uses of water are proposed; as such, coordination with the USFWS is not anticipated to 
be required.

No CPW raptor nests are mapped within 0.50 mile of the Project area and no active raptor nests 
were observed within 0.50 mile of the Project area during a field survey on June 24, 2020. 
Multiple dilapidated nests were observed on site, none of which had raptor nest activity during 
the approximate 7 hour site visit. Two red-tailed hawks were observed soaring over the Project 
area during the site visit, but were not observed perched on any nearby trees.

The Project area is located within 0.25 mile of a bald eagle roost site and within bald eagle winter 
range. CPW recommends a 0.50 mile buffer for human encroachment for a bald eagle winter night 
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roost if there is a direct line of sight between the roost and encroachment activities. CPW further 
recommends activities associated with development be restricted to the period between 10:00 
AM and 2:00 PM between November 15 and March 15. CPW will be consulted for staff opinion 
regarding development of this Project. There are no CPW recommended buffers or timing 
restrictions for bald eagle winter range. In Colorado, raptors typically start nesting in early spring 
and leave the nest mid to late summer, depending on the raptor species. It is recommended tree 
clearing associated with the Project occur between September 1 and November 15 to prevent 
potential nesting activities occurring on site during the nesting season the following year. If tree 
clearing is to occur between November 15 and September 1, an additional raptor nest survey will 
be completed to verify if any new nests have been established within the WTP site.

The Migratory Bird Treaty Act (MBTA) provides protections for migratory birds. The non-raptor 
nesting season in Colorado is typically between April 1 and August 31. If all land clearing for the 
Project will be completed outside of this period, no MBTA surveys will be required. However, if 
the City intends to clear during nesting season, an MBTA survey will be performed within one 
week of clearing vegetation to prevent incidental take under the MBTA.

14.5.3 Tree Species, Conditions, and Specifications
Tree species, conditions, and specifications were photographed and recorded on site in June 2020 
to assess which trees may require mitigation with the City. Conditions and specifications 
recorded included the health of the trees and diameter at breast height (DBH). Species that were 
recorded include: tree-of-heaven (Ailanthus altissima), white poplar (Populus alba), plains 
cottonwood (Populus deltoides), peachleaf willow (Salix amygdaloides), crack willow (Salix 
fragilis), mahaleb cherry (Prunus mahaleb), lodgepole pine (Pinus contorta), and honey locust 
(Gleditsia triacanthos). Siberian elm (Ulmus pumila) and Russian olive (Elaeagnus angustifolia) 
were also observed on site, but not recorded due to their invasive nature.

14.6 Colorado Division of Water Resources (CO DWR) 
Permitting
Monitoring/observation water well permits were required for each of the three long-term 
monitoring well piezometers. Prior to drilling those three wells, the Project team provided a 
Notice of Intent (NOI) to construct monitoring holes form (GWS-51) to the CO DWR on August 13, 
2020. The Project team oversaw the installation of the monitoring wells during the preliminary 
exploration occurring the week of August 24, 2020. The wells were constructed in general 
accordance with 2 Colorado Code of Regulations (CCR) 402-2. Permit applications (GWS-46) and 
well construction and yield estimate report (GWS-31) were submitted to the CO DWR on 
October 9, 2020. The permit numbers 319122, 319123, and 319124 were approved by the CO 
DWR on October 20, 2020. The wells may remain in service until the City (owner) or owner’s 
representative provides notice to abandon the monitoring wells. The Project team will coordinate 
with the owner or owner’s representative to schedule abandonment. The wells will be abandoned 
in general accordance with 2 CCR 402-2 Rule 16 and a well abandonment report GWS-09 will be 
submitted to CO DWR within 60 days of abandonment.
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14.7 Future Permitting Tasks
The permitting tasks described in this section are future planned tasks for the Project.

14.7.1 Stormwater Permitting
A Colorado Department of Public Health and Environment (CDPHE) Water Quality Control 
Division (WQCD) compliant Stormwater Management Plan (SWMP) has been developed for the 
WTP site. An NOI application and associated submittal requirements will be prepared for 
submittal to the CDPHE WQCD to obtain a stormwater permit for the WTP site. The SWMP for 
construction activities was written to comply with the current CDPHE Stormwater Discharge for 
General Construction Activities Permit No. COR-400000, effective April 1, 2019, and reflects 
control measures that are intended to prevent erosion from occurring and to control sediment 
from leaving the WTP site. The purpose of the SWMP is to identify measures to prevent 
degradation of water quality and impacts to surface waters of the State. An NOI application will 
be prepared for submittal to the State using the CDPHE Colorado Environmental Online Services 
(CEOS) system to obtain permit coverage.

14.7.2 Air Permitting
An air quality permit application package will be prepared for submittal to the CDPHE Air 
Pollution Control Division (APCD) in support of a Water2025 WTP and a co-located stationary 
emergency engine. The application will be prepared as a minor source under Colorado Air Quality 
Commission Regulation 3 (Regulation 3). The required documentation will be assembled either 
as a permit application or as an Air Pollutant Emission Notice (APEN) depending upon Project 
applicability under Regulation 3. Applicability under Regulation 3 is dependent upon source 
activities and the level of air emissions calculated. An APEN form and associated fees, at a 
minimum, must be provided to the CDPHE APCD unless:

 Disturbed land is less than 25 acres,

 Construction will last less than 6 months, and

 Air emissions will be less than the APEN and permit thresholds.

14.7.3 Water Treatment Plant Wastewater Discharge Permit
A water treatment plant wastewater discharge permit application (and associated submittal 
requirements) will be assembled to obtain a discharge permit from the State for the WTP site. 
The permit coverage will be under Water Treatment Plant Wastewater Discharge Permit 
COG641000. The application will be submitted to the State using the CDPHE CEOS system to 
obtain permit coverage.

14.7.4 CDPHE Dewatering Discharge Permit
The Project team will determine the short- and long-term dewatering strategies for the Project 
per CDPHE’s June 2020 Dewatering Discharge Permit Application Guidance. To help determine 
the appropriate dewatering strategies for the Project, once per quarter, for four quarters, water 
quality sampling will be performed at two locations on the WTP site. For the four quarters, a total 
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of eight samples will be collected and analyzed. Samples will be sent to an accredited laboratory 
for analysis. The laboratory data package will be based on Attachment 1, Required Water Quality 
Data, to CDPHE’s June 2020 Dewatering Discharge Permit Application Guidance, and include 
analyses for the required metals, volatiles, and semi-volatile organic compounds. The lab data will 
be reviewed following analysis to help inform permitting requirements.
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Section 15
Opinion of Probable Construction Costs

Planning-level construction cost estimates were prepared for the Westminster Water2025 Water 
Treatment Plant (WTP). Parametric cost estimates were completed during the piloting and 
desktop report phase.  A more detailed opinion of probable construction cost (OPCC) based on 
quantity take-offs of preliminary design drawings has been prepared by CDM Smith Constructors 
during the preliminary design phase of the Water2025 project.

15.1 Capital Cost Estimate
15.1.1 Methodology
TBD

15.1.2 Phase 1 Construction Cost Estimate and Schedule
Table 5-1 presents a summary of the planning-level construction cost estimate for the new 30 
MGD WTP (expandable to 60 MGD) to be constructed in Phase 1 of the project. The construction 
cost estimate includes all treatment, pumping, and storage facilities described in Section 3, plus 
operations, maintenance and electrical buildings.

The proposed schedule is for final design and guaranteed maximum price to be defined by Q4, 
2022. The project construction period is estimated to be between 40-48 months with a mid-point 
of construction in late 2024.

Note that the planning-level cost estimate in Table 6-2 will be impacted by the uncertainties 
associated with a future bidding environment and future equipment costs, as well as the inherent 
uncertainty that exists at the conceptual stage of a project.  A more detailed OPCC will be 
prepared during the 30% and 60% design phases of the project.
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Table 15-1. 2 Planning Level Construction Cost Estimate for New 30 MGD WTP

Facility Cost ($ million)

WTP

Site work $1.4
Yard piping $3.4
Raw Water Building 1.2
Floc/Sed Basins $7.0
Mixing/flocculation $3.9
Chemical Building $7.5
Intermediate Ozone $8.5
Filter building $12.0
Mechanical Dewatering (Thickener + Dewatering) $3.5
Backwash water EQ and Recycle + Drying Basins 2.5
High Service Pump Station $3.5
One  - 3.0 - million gallon Clearwell $1.4
Maintenance and Warehouse Buildings $2.0
Electrical Work $11.2
Instrumentation Work $2.8
HVAC Work $2.2
Ancillary Buildings/Corridor/Lime/LOX $1.6
Electrical Building and Generator Slab $0.2

Subtotal $ 75.8

Contingency – 30% 29.5
General Conditions – 10% 7.6
Indirect Costs – Tax, Insurance, GC Bonds, Permits – 7.7
Contractor OH&P – 8% 7.2

Total - WTP $ 127.8

Total
1,2Total - WTP (year 2021 $) $ 127.8

Inflation to Dec 2024 at 4%/yr (in millions) $ 20.4

Total - WTP (year 2024 $) $ 148.3
2WTP Planning Range $126.1 – 178.0

1 Pipeline work to be completed in a separate design package by others.
2 Includes an AACE Class 4 -15% to 20% planning range.

15.2 Annual Operations and Maintenance Cost Estimate
AACE Class 4 Opinion of Probable Construction Costs including general conditions, mobilization 
costs, equipment, material and installation costs, general contractor overhead and profit, and 
contingencies. Detailed backup data for each cost item will be provided.

The WTP Operations and Maintenance (O&M) cost estimate is comprised of labor, power, 
chemicals, solids or dewatered cake disposal, parts and miscellaneous items as presented below.
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Labor costs were estimated in Table 15-2 by taking a similar WTP staffing plan and applying 
expected midpoint salary figures from the water industry. Since Westminster currently has 
similar staffing at the Semper WTP, the labor cost estimate below should be reasonably accurate, 
but are in 2018 dollars to match the source of data.

Table 15-2. 4 Estimated Salary Cost

Staff Position # of Staff Midpoint Salary Salary 
1 or 2 Administrative Assistants 1.5 $51,000 $104,000
1 Plant Manager/Super. 1 $105,800 $143,000
1 Operations Supervisor 1 $77,400 $105,000
4 Shift Supervisors-Class I Oper.1 4 $62,800 $340,000
4-8 Operators 1 6 $51,000 $414,000
1 Swing Operator 1 1 $41,400 $56,000
1 Plant Engineer 1 $85,900 $116,000
2 Electrical Staff 1 2 $62,800 $170,000
1 I&C Supervisor 1 $77,400 $105,000
2 I&C Staff 1 2 $62,800 $170,000
1 Maintenance Supervisor 1 $77,400 $105,000
3-4 Mechanical Staff 1 3.5 $51,000 $241,000
Total Annual Salary Cost $1,894,000

1 For these categories, salary includes an additional 1.35 multiple to cover 24/7 operation, holiday pay, etc.

Chemical cost estimates are shown in Table 15-3. As discussed in Section 3, chemical doses are 
based on historical operations at the Semper WTP an estimated average flow of 15 MGD and 
average dose.

Table 15-3. Estimated Chemical Cost

Estimated Annual Cost ($)
Chemical Unit Unit Cost ($)

15 MGD
Permanganate (NaMnO4) 20% Gallon 9.27  $365,000 
Sodium Hydroxide 25% Gallon 0.87  $63,000 
ACH Gallon 3.20  $55,000 
Ferric Chloride (39%) Gallon 1.51  $928,000 
Lime Dry lb 0.156  $186,000 
Liquid Oxygen (LOX) CCF 0.31  $29,900 
Solids Polymer Ton 2,156.00  $5,000 
Calcium Thiosulfate Ton 981 $12,000 
Aqueous Ammonia Gallon 2.49 57,000
Sodium Hypochlorite (12.5%) Gallon 1.34  $929,000 
Total Annual Chemical Cost $2,629,900
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Power costs were estimated assuming an average production capacity of 15 MGD from similar 
facilities. There are still some uncertainties in power costs from Xcel, but rough annual estimates 
are currently $2.2 million for 15 MGD of daily production.

Total O&M costs shown in Table 15-4 (in 2019 dollars) can then be summarized as follows:

Table 15-4. Estimated O&M Cost

Estimated Annual Cost ($)
O&M Item

15 MGD
Labor $1,894,000
Power $330,000
Chemicals $2,629,000
Solids Disposal $100,000
Materials and misc consumables $150,000
Total Annual O&M Cost $5,103,000
Cost per 1,000 gal ($) $0.92
Suggested Planning Range ($) $0.92 - $1.92

15.3 Bidding Environment and Cost Uncertainties
Given the anticipated significant increases in maintenance costs for the Semper WTP now that the 
facility has been in operation over 50 years, the City Master Plan has recommended to develop 
the Water2025 project. Concrete, steel, equipment and other costs will rise significantly over 
time, and consideration is therefore suggested to taking advantage of the current low interest 
rates. The Colorado construction labor market is tight and cost escalation is currently outpacing 
historical averages. Escalation is estimated to increase facility construction cost by approximately 
six million dollars per year.
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1. PROJECT UNDERSTANDING  

1.1. GEOTECHNICAL SCOPE 
This geotechnical engineering report presents the results of the subsurface exploration 

completed for the proposed new water treatment facility located east of Westminster Boulevard 

and north of West 98th Avenue in Westminster, Colorado. A preliminary site exploration was 

completed in August 2020 which included twelve (12) borings drilled to approximate depths of 

50 feet below ground surface (bgs) across the site area and three (3) piezometers installed at 

select boring locations to provide generalized information for the site and subsurface properties; 

the results of this exploration were provided in Olsson’s Preliminary Geotechnical Engineering 

Report for the Westminster Water 2025 project, dated October 9, 2020 and last revised March 

4, 2021. A final phase site exploration was completed in March 2021 to provide additional 

information at locations selected based on the most current site layout. The purpose of these 

explorations was to evaluate the subsurface and groundwater conditions, and based on the 

encountered conditions, provide geotechnical design recommendations for the proposed water 

treatment plant, including foundations, pavements, earthwork, and other geotechnical 

considerations associated with the project. Approximate locations of the borings completed 

during the preliminary and final exploration are shown on the Boring Location Plan in Appendix 

A, and boring logs are provided in Appendix B.  

 

1.2. SITE INFORMATION 
The project is an approximately 40-acre area located along the east side of Westminster 

Boulevard, from around 650 feet to 2200 feet north of West 98th Avenue in Westminster, 

Colorado (Figure 1.1). Based on the contours provided on the Figure No. 4 – Site Plan Alternate 

No. 3, Hybrid Layout, prepared by CDM Smith, dated February 2021; the site typically slopes 

down from the south site bound to the northwest site corner, with a maximum elevation of 5379 

feet near the middle of the south property boundary to the minimum elevation of 5326 feet in the 

northwest corner. The site is currently undeveloped and covered by native grasses, scattered 

deciduous trees, and shrubs. The site is currently inhabited with a large prairie dog colony and 

several burrow entrances are visible at the ground surface. 

 

From our review of readily available historical aerial images obtained from Historic Aerials 

dating back to 1953, it appears that the project site was primarily used for agricultural purposes 

with the central portion of the site developed with what looks like small storage structures and 

possibly a small single-family residence. The structures were demolished sometime between 

1983 and 1993. The project site and surrounding areas appear to have remained largely 

unchanged since in or around September 2002, following the construction of Westminster 
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Boulevard and demolition of the residential and farming property immediately south of the 

project site that took place sometime between October 1999 and September 2002. 

 

Figure 1.1: Site Location 

 

1.3. PROJECT INFORMATION 
We understand the proposed construction will be built during multiple phases and may include 

sludge lagoons, filters, sedimentation basins, flocculation basins, a chemical building, storage 

tanks, associated treatment facilities and pipelines. Construction will also include site 

pavements and landscaping. We further understand that the construction of the proposed 

facilities will take place over multiple phases with the Phase I storage anticipated to 

accommodate approximately 10-percent of the total planned capacity and increase with 

additional phases. The new project documents reviewed by Olsson during the preparation of 

this final report are listed below. 

• The current Site Grading DWG file named, “2d_CWZ000ST,” prepared by CDM Smith, 

undated, provided to Olsson on March 11, 2021; 

• Figure No. 4 – Site Plan Alternate No. 3, Hybrid Layout, prepared by CDM Smith, dated 

February 2021, provided to Olsson on March 24, 2021; and 

Project Site 
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• The Preliminary Hydraulic Grade Line figure, prepared by CDM Smith, undated, 

provided to Olsson on April 15, 2021. 

 

Based on our review of the current grading plan and preliminary hydraulic grade line, we 

understand that excavations on the order of up to 25 feet for the buried utilities/structures and 

fills up to approximately 5 to 10 feet will be necessary at the site to establish final grades at the 

administration building as well as at other project elements.  

 

Anticipated gross structural load demands and traffic loading are provided in the tables below. 

Olsson understands that the traffic counts and structural load demands remain unchanged from 

the information provided by CDM Smith (O’Connor, email correspondence, October 2, 2020). 

The traffic counts were further refined based on discussions with the City of Westminster and 

CDM Smith (T. Rynders, email correspondence, February 3-4, 2021). Structural loads were 

confirmed by CDM Smith via email correspondence on April 15, 2021. 

 

Table 1.3.1. Final Anticipated Structural Loads 

Structure Identification 

 Shallow Foundations Deep Foundations 

Approximate 

(shallow) 

Foundation 

Elevation (ft)* 

Maximum 

Loads 

(psf) 

Minimum 

Loads 

(psf) 

Maximum 

Loads 

(kips) 

Minimum 

Loads 

(kips) 

Sludge Lagoons 5,337 1,500 100 338 23 

Washwater EQ Basin and 

Pump Station 

 

5,329 2000 350 

 

450 

 

79 

Chemical Building 5,370 2000 225 450 51 

Lime Silo Building 5,370 2000 225 450 51 

High Service Pump Station 5,329 2000 150 450 34 

Electrical Room 5,355 1500 400 338 90 

2-3 MG Storage Tank 5,329 2500 75 563 17 

Admin Building 5,359 2000 75 450 17 

Flocculation Basin =  2000 300 450 68 

Sedimentation Basin 5,356.5 2000 300 450 68 

Ozone 5,350 2000 300 450 68 

Filters 5,350 2000 900 450 203 

*Assumes shallow foundations extending beyond the frost depth, where applicable. 
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Table 1.3.2. Final Traffic Loads 

Vehicle Type 
Standard Duty Heavy Duty 

Count Frequency Count Frequency 

Personal Vehicles 12 Daily 18 Daily 

Chemical Delivery Trucks (HS-20) N/A N/A 10 Monthly 

Drying Bed Waste Trucks (HS-20) N/A N/A 32 Quarterly 

Miscellaneous HS-20 Trucks* 1 Weekly 1 Weekly 

Dumpster/Trash Truck* N/A N/A 1 Weekly 

Fire Truck Loading* N/A N/A 3 Monthly 

*Values assumed by Olsson, not explicitly provided by CDM Smith or the City of Westminster 

 

The intent of our final exploration was to supplement data gathered during the preliminary 

exploration in order to provide more refined subsurface information for the proposed structures 

and to provide geotechnical design parameters. The geotechnical recommendations presented 

herein are based on the available project information, proposed project location, and the 

subsurface conditions described in this report. If any of the noted information discussed above 

is inaccurate or no longer valid please inform Olsson so that we may amend the 

recommendations presented in this report, as necessary.  
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2. EXPLORATORY AND TEST PROCEDURES 

2.1. FIELD EXPLORATION 
Olsson drilled a total of twenty-three (23) borings during our preliminary and design phase 

exploration. The boreholes were advanced with an ATV-mounted drill-rig using either hollow-

stem or solid-stem, continuous flight augers to depths ranging from approximately 10 to 50 feet 

below the ground surface (bgs). Our boring locations were selected based on the most current 

site plan at the time of drilling and reviewed by CDM Smith prior to each mobilization. The 

design phase boring locations were selected to provide additional information within areas of 

planned construction not previously explored during the preliminary project phase.  

 

Borings were located using a hand-held GPS device and adjusted in the field based on 

available drilling equipment access and positions of underground and overhead utilities. The 

locations should be considered accurate only to the degree implied by the methods used to 

obtain them. True coordinates could vary. Approximate final locations of the preliminary and 

final borings are shown on the Boring Location Plan in Appendix A and the Boring Logs are 

provided in Appendix B. The boring elevations were interpolated from the contours provided on 

the Figure No. 4 – Site Plan Alternate No. 3, Hybrid Layout, prepared by CDM Smith, dated 

February 2021. The elevations provided below should be considered approximate. 

 

Soil samples were obtained at selected intervals in the borings using a standard split-spoon 

sampler during the Standard Penetration Tests (SPT; “SS” on the boring logs) or a ring lined 

barrel sampler (“MC” on the borings logs). The standard split spoon sampler was driven in three 

6-inch intervals and the ring lined barrel sampler was driven in two 6-inch intervals into the 

substrata with blows from a 140-pound automatic hammer free-falling 30 inches. Penetration 

resistance (blow counts) was recorded for each 6-inch drive. Penetration resistance of the final 

12 inches is considered SPT “N” values for the SS sampler. The blow counts and SPT “N” 

values are shown on the boring logs at the respective depths the samples were taken. The blow 

counts shown for the MC sampler are not equivalent to the blow counts obtained from the SS 

sampler.  

 

Due to the nature of relatively soft bedrock formations encountered at the site, including 

sedimentary claystone, mudstone, and shale (also known as intermediate geo-materials or 

IGMs), coring was not performed. It is Olsson’s experience that the natural occurring 

fractures/fissures and interbedded sandstone lenses make it difficult to obtain representative 

core samples and typically yields overly pessimistic recovery, RQD values, and lower strength 

results that are uncharacteristic of the actual in-situ strength properties. 
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An Olsson field geologist/engineer prepared field logs of the material encountered in each 

boring during the drilling operation. The field logs include the technician’s and driller’s 

interpretation of the conditions between samples and approximate elevations of each stratum 

change. The boring logs presented in Appendix B have been modified to represent the project 

engineer’s interpretation of the field logs based on visual classification and laboratory tests of 

the samples.  

 

Site cross-sections illustrating the borings and the approximate subsurface material boundaries 

are included in Appendix D. A surficial soil zone schematic that provides the approximate areas 

and depths of potential borrow materials for reuse as fill is also included in Appendix D. The 

cross-sections and potential reuse zones were developed based on field observations, 

laboratory test results and our experience with similar soils types in the area. Due to the limited 

drilling area and sampling intervals associated with geotechnical drilling, actual conditions 

encountered during construction may vary from the interpretations provided in Appendix D, 

these graphics are provided only as a visualization aid for the project design team and 

contractors but may not represent actual subsurface conditions. 

 

2.2. LABORATORY TESTING 
The samples obtained from the borings were sealed and returned to the laboratory for testing 

and classification. All recovered soil samples were visually classified using the Unified Soil 

Classification System (USCS). The moisture contents of all samples were measured in the 

laboratory. In addition, Atterberg limits, grain size distribution, in-situ density, and percent 

passing the #200 sieve tests were performed on selected samples. One dimensional 

swell/consolidation tests were performed on eighteen (18) selected ring lined barrel samples to 

evaluate the tendency of the materials to expand with moisture changes and consolidate/settle 

with loading changes. Hydraulic conductivity tests were performed on two (2) selected ring lined 

barrel samples to evaluate the ability for water to move through the soil in the approximate 

planned area of the retention ponds and to provide permeability information of the onsite 

materials to assist with the development of a dewatering plan, as necessary. 

 

One (1) Standard Proctor compaction test and one (1) R-value test was performed on a bulk 

sample obtained from materials in the upper 5 feet near the center of site at boring B-6. The R-

value test result was less than 5, which correlates to a resilient modulus value of approximately 

2500 psi (CDOT 2020).  

 

The laboratory test results are presented on the respective boring logs, and in the laboratory 

test result graphics in Appendix C.  
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2.3. SOIL CORROSIVENESS 
Laboratory testing was also performed by Olsson on two (2) bulk soil samples to determine pH, 

water-soluble sulfate content, water soluble chloride content, and electrical resistivity to evaluate 

the corrosiveness of the material during the preliminary exploration. Three additional shallow 

samples from the final exploration were tested to further evaluate sulfate content at the site. The 

results are presented in Appendix C and summarized in the following table.  

Table 2.3.1: Soil Corrosion Series Test Results 

Test/Sample 

Location 
Soil Type 

Water Soluble 

Sulfate 

(% mass) 

Water Soluble 

Chloride 

(% mass) 

pH 
Soil resistivity 

(ohms-cm) 

B-3, 9 to 15.5 feet Claystone 0.01 0.023 7.22 357 

B-10, 3.5 to 7.5 feet Sandy clay 0.09 0.019 7.63 457 

B-13, 1-2 feet Sandy clay 0.02 Not Tested Not Tested Not Tested 

B-16, 1-2 feet Lean Clay 0.36 Not Tested Not Tested Not Tested 

B-21, 3.5-4.5 feet 
Lean to Fat Clay with 

sand 
0.01 Not Tested Not Tested Not Tested 

 

The resistivity values indicate that the onsite sandy clay soils and claystone bedrock from the 

bulk samples are considered severely corrosive to buried metal objects. A majority of the onsite 

soils and rock classify as S0 exposure however, the B-16 sample obtained from the middle of 

the northern third of the site classifies as S2 exposure. ACI 318 requires the use of C150 Type 

V Portland cement (or equivalent) for sulfate levels greater than 0.2 percent by mass. An 

experienced designer should review these results and evaluate risk and tolerance of corrosion 

in developing the design for this project.  
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3. SUBSURFACE CONDITIONS 

3.1. SITE GEOLOGY 
The following sections describe the geology and potential hazards associated with the project 

location. 

 

3.1.1. REGIONAL PHYSIOGRAPHY 
The project site is located in the Colorado Piedmont Subprovince of the Great Plains Province 

of Colorado. The Colorado Piedmont Subprovince lies between the High Plains and the Front 

Range of the Rockies at elevations distinctly lower than the High Plains. The area consists of a 

series of river terraces which represent former floodplain levels of the South Platte and 

Arkansas Rivers and their principal tributaries (Wishart 2011). The Colorado Piedmont 

Subprovince is bordered by the Raton Basin to the south, the High Plains to the east and north, 

and the Southern Rocky Mountains to the west. 

 

3.1.2. LOCAL GEOLOGY AND SOILS 
The surficial geology, as mapped by Machette (1977) consists of Pinedale-Bull Lake 

Interglaciation and Late Bull Lake Aged loess. Thickness of the loess is commonly 3 to 5 feet 

thick with local areas up to 10 feet thick. The loess is described as light-gray-brown to light-

brown nonstratified fine sand and silt, and forms a mantle covering bedrock and alluvium.  

 

The USDA soil survey maps the entire project site within the Nunn-Urban land complex (0 to 2 

percent slopes), which is comprised of 65 percent Nunn soil unit, 20 percent Urban Land soil 

unit, and 15 percent minor soil units. The Nunn unit is noted as clay loam, clay, and loam 

extending from 0 to 60 inches in depth and is hydrologic group C. Depth to bedrock and depth 

to water table are both indicated as greater than 60 inches. 

 

Bedrock geology, as mapped by the Tweto (1979), includes Tertiary-Cretaceous aged Denver 

and Arapahoe Formations. These sedimentary bedrock formations include sandstone, 

mudstone, claystone, and conglomerate bedrock materials.  

 

3.1.3. GEOLOGIC AND GEOTECHNICAL HAZARDS 
Olsson has reviewed the project area, geologic conditions, and published information with 

regard to site conditions and potential geologic and geotechnical hazards. The following 

sections discuss commonly considered hazards and the anticipated potential for these to affect 

development of the project. 
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3.1.3.1. SEISMICITY AND FAULTING 
There are no active folds or faulting in the vicinity of the project area (USGS Quaternary Fault 

Database, 2020). The nearest fault line appears to be the Golden Fault in Golden, Colorado, 

approximately 10 miles from the project site. 

 

Overall, the seismicity and faulting risks in the vicinity of the site appear low. Seismicity for 

project design is further discussed in Section 6.7. 

 

3.1.3.2.  COLLAPSE AND SWELL POTENTIAL 
Clays and claystone bedrock across the Rocky Mountain Front Range are known to have 

variable swell potential, which has been extensively mapped by Hart (1974). The project area, 

as identified by Hart, lies in an area of moderate swell potential and notes that special 

foundations are generally necessary to prevent foundation damages. 

 

Soils with moderate to high plasticity are considered to have shrink/swell potential. In general, 

soils with liquid limit values less than 50 and a plasticity index less than 25 are considered to 

have low shrink-swell potential. Soils with liquid limit values of 50 to 60 and a plasticity index of 

25 to 35 are considered to have moderate shrink-swell potential. Soils with liquid limit values 

greater than 60 and a plasticity index value greater than 35 are considered to have high shrink-

swell potential (Das, 2010). 

 

In addition to Atterberg Limit testing, characterization of expansive soils/bedrock is often 

determined by measuring the properties of expansive soils from one-dimensional consolidation-

swell tests. The “Denver swell test” measures the percent swell and swell pressure of a soil/rock 

sample constrained laterally by a steel ring when wetted under vertical load. A seating load (500 

psf, 1000 psf, or the overburden pressure at the sample depth) is applied, and the sample is 

allowed to consolidate. The sample is then saturated and allowed to expand vertically. The 

amount of vertical expansion relative to the original sample height is the percent swell. After 

swelling, incrementally loading and compressing the sample to its original height determines the 

swell pressure. Rebound or unloading curves were seldom developed because this data is 

considered to be of limited usefulness for design. The unloading curve, however, is useful in 

determining the swell index which is used in heave prediction (Fredlund & Raharjo, 1993). 

 

The measured percent swell is used to categorize expansive soils as non-expansive, very low, 

low, moderate, high or very high based on the surcharge load and the percent range measured 

(CAGE, 1996). The percent swell and the corresponding descriptive terminology defines the 

degree of risk associated with that particular soil. Swell potential of the on-site soils is further 

discussed in Section 4. 
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3.1.3.3. SUBSIDENCE FROM OIL AND GAS PRODUCTION 
Oil and gas production is prevalent across the state of Colorado and is regulated by the 

Colorado Oil and Gas Conservation Commission (COGCC). From publicly available mapping 

through the COGCC website, it appears no oil and gas production facilities are in the vicinity of 

the project site. Groups of active production wells were noted to the west, north, and northeast 

of the project site, but appear to be more than three (3) miles from the approximate project area. 

Subsidence risk due to oil and gas development is considered low. 

 

3.1.3.4. SLOPE STABILITY 
The natural relief across the site is relatively flat, with approximately 55 feet of grade change 

across the entire 40-acre project area, with an approximate slope on the order of 2.7 percent. 

Global slope instability issues are not anticipated for the native slopes of site due to the 

relatively flat grades. The slope stability of man-made slopes will need to be considered, as 

further discussed in Section 5.4. 

 

3.1.3.5. FLOODING 
A review of mapped flooding potential from the FEMA flood mapping website indicate there are 

regulatory floodways located approximately 330 feet east of the eastern project boundary and 

approximately 1000 feet north of the northwest site corner. There are also localized areas of 

Zone AE (1% annual chance flood) and Zone X (0.2% annual chance flood), primarily northwest 

of the site. 

 

Within the site boundaries, there are no flooding plains mapped and there should be low 

potential for flooding. 

 

3.2. SOIL STRATIGRAPHY 
Specific conditions at each boring location are shown on the boring logs in Appendix B. The 

logs represent subsurface conditions at each specific boring location. Stratification boundaries 

shown on the boring logs represent the approximate depth of changes in soil types. The 

changes are more gradual in-situ. The boring logs do not reflect variations that may occur 

between borings or across the project site. The nature and extent of such variations may not 

become evident until construction.  

 

The subsurface conditions Olsson encountered in the borings generally consisted of stiff to very 

stiff clay with lesser amounts of sand overlying claystone and sandstone bedrock. In some 

borings, a thin layer of clayey sand was encountered between the surficial clay and underlying 

bedrock materials. The surficial material at the boring locations consisted of a thin root zone of 

organic-rich clay approximately 3 to 6 inches deep. Below is a further description of the 
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materials encountered during our subsurface exploration. The specific descriptions within each 

boring can be found on the boring logs in Appendix B. 

 

CLAY: Within all twenty-three (23) borings, clay was encountered immediately underlying the 

surficial material/root zone. The clay ranged from low plasticity (lean) to high plasticity (fat). 

Generally, the plasticity appeared to increase with depth and closer proximity to the transition to 

bedrock. Our index testing typically exhibited a trend of decreasing plasticity in surficial clays the 

further southeast the samples were obtained. The clay soils have varying sand content, with up 

to 49.2 percent sand. The onsite clays classify as USCS CL and CH soils based on liquid limits 

ranging from 37 to 56 percent and plasticity indices between 21 and 36 percent. Dry densities of 

the clays ranged from 85.6 to 118.3 pounds per cubic foot (pcf) with corresponding sample 

moistures of 14.5 to 7.3 percent resulting in moist unit weights of 98.0 to 126.9 pcf, respectively.  

 

Five one-dimensional swell-consolidation tests were run on clay soil samples obtained from 

borings across the site; these materials exhibited swell potentials ranging from 2.1 to 3.2 

percent under surcharge pressures of 500 psf and 6.2 percent under a surcharge pressure of 

150 psf, indicating moderate to high swell risk potential (CDOT, 2020). Two clay samples 

exhibited minor collapse of less than 0.5 percent under an inundation pressure of 200 psf, which 

is considered negligible. 

 

Laboratory testing performed on the clay soil samples resulted in unconfined compressive 

strengths of 7.9 and 10.6 tons per square foot which corresponds to shear strengths of 8,200 to 

11,700 pounds per square feet (psf). Pocket penetrometers were taken on bedrock samples 

during drilling, the low-end results were 2.5 and 3.5 tons per square feet (tsf) within the shallow 

clay at B-16 and ranged up to the typical result of greater than 4.5 tsf. Olsson recommends the 

following shear strengths be assumed for design with the clay soils encountered: 

• Soft: 1,500 psf (Pocket Pen values less than 3.0 tsf) 

• Stiff: 2,000 psf (Pocket Pen values greater or equal to 3.0 tsf) 

 

One flexible wall permeability test run on overburden clay materials resulted in a hydraulic 

conductivity of approximately 5.4 X 10-6 (cm/s). 

 

SANDS: In borings B-2 and B-10, a layer of clayey sand (4.5 and 3.0 feet thick, respectively) 

was encountered underlying the surficial clays and immediately overlying bedrock. The sand 

materials were typically medium dense and contained fine grained sand with percent fines 

passing the number 200 sieve on the order of 43.6 percent. The sand soils were categorized as 

USCS classification SC (clayey sand). Olsson recommends that a design drained friction angle 

of 30 degrees be assumed for the clayey sand soils. 
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BEDROCK: Bedrock was encountered within all borings underlying the surficial soils at depths 

ranging from 4.8 to 9.5 feet below the existing grade. Bedrock consisted of interbedded 

sandstone and claystone with some minor lenses of siltstone, as typical of the Arapahoe and 

Denver bedrock formations. The bedrock was relatively soft and was penetrated using standard 

auger drilling methods. Rock coring was not required to reach the boring termination depths. 

The anticipated excavation efforts of the bedrock materials are further discussed in Section 

5.6.1.  

 

SANDSTONE: Poorly to moderately cemented sandstone bedrock was encountered in 

significantly thick stratified layers within the claystone within a majority of the deeper borings, 

with the exceptions being B-12 and B-23. The SPT N-values in the sandstone ranged from 14 to 

50 blows for less than 6-inches of penetration. The sandstone is clayey with fines contents on 

the order of 35.4 percent.  

 

Three samples of moderately cemented sandstone were tested for their unconfined 

compressive strength with results ranging from 2.6 to 3.8 tons per square foot. Olsson 

recommends that the following sandstone drained friction angles be assumed for design: 

• Poorly cemented sandstone: 32 degrees 

• Moderately cemented sandstone: 34 degrees 

 

CLAYSTONE: Claystone bedrock was encountered in all borings at various depths throughout 

the bedrock materials and varied from slightly to highly weathered. The claystone was typically 

described in the field as moderately plastic; one Atterberg limits test run on claystone resulted in 

a liquid limit of 40 percent and plasticity index of 25 percent and had relatively high sand 

content, up to 35.9 percent sand in the tested sample. One-dimensional swell-consolidation 

tests were run on nine (9) claystone samples and exhibited swell potentials ranging from 2.2 to 

6.5 percent under a 500 psf surcharge pressure and 1.2 percent under a 1000 psf surcharge 

pressure.  

 

Laboratory unconfined compressive strength performed on two samples of claystone exhibited 

strengths ranging from 8.2 to 11.7 tons per square foot which corresponds to shear strengths of 

8,200 to 11,700 pounds per square feet (psf). Pocket penetrometers were taken on bedrock 

samples during drilling, the low-end results were 1.5 and 1.75 tons per square feet (tsf) within 

highly weathered isolated zones at B-7 and B-9 and a majority of the samples tested exhibited a 

high-end reading of 4.5 tsf. Based on these results, Olsson recommends the following 

claystone shear strengths be assumed for design: 

• Highly weathered claystone: 1,500 psf 

• Moderately weathered claystone: 5,000 psf 
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• Slightly weathered claystone: 8,000 psf 

 

One flexible wall permeability test was run on claystone bedrock and resulted in a hydraulic 

conductivity of approximately 2.8 X 10-7 cm/s. 

 

3.3. GROUNDWATER OBSERVATION 
Water levels were observed and recorded at the boring locations during drilling and immediately 

upon completion. Water was encountered in 10 of the 23 borings, with water levels varying from 

approximately 12.4 to 40.0 feet bgs during drilling and 33.5 to 47.6 feet immediately after 

drilling. The depths to water in the borings are shown in the respective boring logs and 

summarized in Table 3.3.1. The boring elevations were interpolated from the contours provided 

on the Figure No. 4 – Site Plan Alternate No. 3, Hybrid Layout, prepared by CDM Smith, dated 

February 2021. The elevations provided below should be considered approximate.  
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Table 3.3.1: Groundwater Levels – Observations During and Immediately After Drilling 

Boring 

No. 

During Drilling Immediately After Drilling 

Depth  

(bgs, feet) 

Approximate 

Elevation (feet) 

Depth  

(bgs, feet) 

Approximate 

Elevation (feet) 

B-1 12.4 5334.0  Not encountered Not encountered 

B-2 17.0 5328.5 34.2 5311.3 

B-3 34.0 5306.0 Not encountered Not encountered 

B-4 34.0 5308.5 33.5 5309.0 

B-5 40.0 5310.5 38.6 5311.9 

B-6 40.0 5312.0 47.6 5304.4 

B-7 19.0 5334.0 33.7 5319.3 

B-8 36.4 5320.1 47.4 5309.1 

B-9 35.0 5325.0 34.6 5325.4 

B-10 Not encountered Not encountered Not encountered Not encountered 

B-11 Not encountered Not encountered Not encountered Not encountered 

B-12 Not encountered Not encountered Not encountered Not encountered 

B-13 Not Encountered Not Encountered Not Encountered Not Encountered 

B-14 Not Encountered Not Encountered Not Encountered Not Encountered 

B-15 Not Encountered Not Encountered Not Encountered Not Encountered 

B-16 Not Encountered Not Encountered Not Encountered Not Encountered 

B-17 Not Encountered Not Encountered Not Encountered Not Encountered 

B-18 Not Encountered Not Encountered Not Encountered Not Encountered 

B-19 Not Encountered Not Encountered Not Encountered Not Encountered 

B-20 Not Encountered Not Encountered Not Encountered Not Encountered 

B-21 Not Encountered Not Encountered 41.2 5314.8 

B-22 Not Encountered Not Encountered Not Encountered Not Encountered 

B-23 Not Encountered 

Not Encountered 

Not Encountered Not Encountered Not Encountered 

Note: Elevations were interpolated from the Figure No. 4 – Site Plan Alternate No. 3, Hybrid Layout, prepared by 

CDM Smith, dated February 2021. 

 

During our preliminary investigation, three monitoring wells (piezometers) were installed to 

depths of 50 feet at boring locations B-1, B-6, and B-12 to allow for periodic long-term 

monitoring of the groundwater levels across the project site. The monitoring wells were installed 

with a 20-feet screen from approximately 30 to 50 feet bgs and solid riser pipe extending to the 

ground surface. Based on the water level elevations encountered during our exploration and our 

understanding of the subsurface materials encountered within our borings, it appears that 

groundwater is generally encountered either within sandy claystone lenes or within interbedded 

sandstone layers. 
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At the time of this report, a baseline reading was taken approximately a week following 

installation of the piezometers and two additional seasonal groundwater measurements were 

taken in the fall of 2020 and the winter of 2021; one more reading is planned in late May to 

capture spring groundwater conditions. The maximum groundwater conditions observed to-date 

within the piezometers are summarized in Table 3.3.2 below, the winter groundwater monitoring 

letter is provided as Appendix E. 

 

Table 3.3.2: Maximum Observed Groundwater Levels – Monitoring Well Observations 

Boring 

No. 

Date of 

Measurement 

Approximate 

Ground Surface 

Elevation (feet) 

Depth to 

Groundwater  

(bgs, feet) 

Approximate  

Elevation of 

Groundwater (feet) 

B-1 2/16/2021 5334.0 12.2 5321.8 

B-6 2/16/2021 5352.0 16.1 5334.9 

B-12 11/17/2020 5373.0 18.9 5354.1 

Note: Elevations were interpolated from the Figure No. 4 – Site Plan Alternate No. 3, Hybrid Layout, prepared by 

CDM Smith, dated February 2021. 

 

Based on the water level elevations encountered variations and uncertainties exist with the 

relatively short-term water levels observed and recorded during this exploration and in the 

monitoring wells to-date. Water levels can and should be anticipated to vary between boring 

locations as well as with time within a specific boring. Water also tends to be present near the 

soil and bedrock interface and can flow through joints in the bedrock. Groundwater levels may 

be expected to fluctuate with precipitation, site grading, drainage, and adjacent land use. 

Excavations that extend below the water elevation will need to be adequately dewatered 

for proper subgrade preparation and other construction activities. Considerations should 

be made as to where water, produced during dewatering or due to runoff during precipitation 

events, is stored or discharged to prevent ponding at and wetting of the expansive clays and 

claystone. 
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4. GEOTECHNICAL CONSIDERATIONS 

4.1. EXPANSIVE SOILS AND BEDROCK 
The onsite soils selected for swell potential testing were determined to have low to high swell 

potential and bedrock materials were determined to exhibit low to high swell potential based on 

the laboratory one dimensional swell/consolidation tests. The resulting magnitude of volume 

change for these expansive materials depends on various factors including soil composition, in-

situ moisture content, in-situ density, and the change in moisture content. The test results are 

summarized in the table below:  

Table 4.1.1: Summary of expansion potential based on one-dimensional consolidation/swell tests 

Test/Sample 

Location 
Material 

In-situ 

moisture 

(%) 

In-situ dry 

density 

(pcf) 

Inundation 

Pressure 

(psf) 

Percentage 

swell (+) or 

collapse (-) 

(%) 

Swell 

pressure 

(psf) 

B-3 @ 3.5’ Fat clay with sand 15.2 103.9 500 3.2 5,200 

B-3 @ 9.0’ Claystone 22.9 99.6 1,000 1.2 4,200 

B-6 @ 3.5’ Lean clay with sand 10.0 110.1 500 2.1 3,500 

B-7 @ 1.0’ Lean to fat clay with sand 12.9 115.3 150 6.2 6,900 

B-7 @ 6.0’ Claystone 17.0 104.9 500 3.41 7,000 

B-13 @ 1.0’ Sandy Clay 8.2 95.8 200 -0.4% -- 

B-14 @ 3.5’ Sandy Clay 6.2 107.2 200 -0.2% -- 

B-15 @ 6.0’ Claystone 18.2 104.8 500 1.8 4,500 

B-16 @ 1.0’ Lean Clay 15.9 112.1 200 1.7 1,700 

B-17 @ 9.0’ Sandstone 16.8 108.3 500 -0.1% -- 

B-18 @ 3.5’ Sandy Clay 7.8 101.4 500 -0.2% -- 

B-19 @ 29.0’ Claystone 16.3 114.6 500 4.8 19,900 

B-20 @ 3.5’ Sandy Clay 11.8 109.3 500 2.5 4,700 

B-21 @ 19.0’ Claystone 17.9 108.7 500 2.2 7,000 

B-21 @ 29.0’ Claystone 16.3 112.1 500 0.4 2,300 

B-22 @ 6.0’ Claystone 21.1 89.3 500 5.3 6,000 

B-23 @ 3.5’ Sandy Clay 11.0 104.1 200 5.3 3,600 

B-23 @ 14.0’ Claystone 18.8 106.6 500 3.2 7,000 

*Note: negative values indicate collapse upon inundation. 

 

Based on an assessment of slab performance risk at the site, conducted in general 

conformance with local industry guidelines (CAGE, 1996), it is our opinion that moderate to high 

slab performance risk exists at the site.  

 

To reduce soil movement due to swell and to provide uniform support below pavements, 

overexcavation of the in-situ soil or bedrock underlying pavements is recommended as 
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discussed in Section 7.1. Overexcavated soils or bedrock should be backfilled or replaced with 

controlled structural fill per Section 5.2. 

 

4.2. HIGH GROUNDWATER AND BUOYANCY CONSIDERATIONS 
As discussed above, long-term groundwater monitoring performed to-date indicates that 

groundwater ranges from 12.2 to 18.9 feet below the existing ground surface. At these depths, 

groundwater or saturated soil conditions should be anticipated within the excavations deeper 

than approximately 10 feet. Groundwater may also be encountered during utility and/or below 

grade structure installation.  

 

DEWATERING: Excavations that extend below the water elevation will need to be adequately 

dewatered for proper subgrade preparation. Due to the low permeability of the onsite clay and 

claystone materials and variability of the sandstone lenses, we anticipate tightly spaced well 

points using vacuum-enhanced pumping will be the most effective method. Water-tight sheeting 

can be considered in conjunction with continuous trench bottom pumping to partially support 

trench walls and to prevent water from entering the excavation. 

 

The design, operation, and maintenance of the dewatering system during construction is the 

responsibility of the contractor. Additionally, perimeter underdrain systems are recommended 

for buildings and tanks to protect below grade foundations and reduce potential settlement of fill 

materials. 

 

BUOYANCY: Olsson recommends that groundwater not be allowed to accumulate in trenches 

or excavations during or after construction. However, pumping systems can and do fail. The 

pipeline designer will need to evaluate the potential for flotation after construction. Use of anti-

flotation restraints, such as collars or anchors, may be considered. The foundation designer 

may also need to consider buoyancy of foundations if the dead weight of the structures is not 

sufficient to counteract buoyancy uplift below the water table. Buoyancy is further discussed in 

Section 6.5. 

 

4.3. DEPTH OF WETTING 
The client should understand that some potential risk of movement exists for the use of shallow 

foundations on sites underlain by soils and bedrock with swelling potential within the depth of 

wetting zone. The depth of wetting will also dictate the recommended length of deep 

foundations, if selected. Several factors can affect the depth of wetting which can vary from site 

to site. There is no absolute method to determine the depth of wetting however, Walsh et. al 

(2009) provide a probability study for the depth of wetting in the Denver metropolitan area. Their 

findings are presented in the table below. 
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Table 4.3.1: Walsh et. al (2009) Probability of Depth of Wetting in the Denver Metropolitan Area 

Assumed Depth of Wetting (Feet bgs) 
Probability that the Actual Depth of Wetting will 

Exceed the Assumed Depth of Wetting  

15 feet 60% 

20 feet 30% 

25 feet  6% 

30 feet 1% 

35 feet   0.1% 

 

The amount of potential heave is dependent on the depth of wetting. Estimated heave amounts 

will increase as the depth of wetting increases. With the amount of interbedded sand layers that 

appear to be carrying moisture the site-specific depth of wetting is difficult to precisely 

determine. There are a few locations where deep wetting appears to have occurred in the 

claystone materials that are in close proximity to sand lenses; however, increased claystone 

moistures are limited and do not appear to extend throughout the cohesive bedrock lenses even 

with sandstone immediately above and below the claystone. The amount of heave is greatly 

dependent on both the depth of wetting and controlling moisture infiltration. Provided the 

recommendations in this report are followed, an approximate depth of wetting of 25 feet can be 

assumed for this site. However, to further reduce potential risk, the assumed depth of wetting 

could be increased.  

 

The Owner should be aware that if deviations are made from our recommendations either 

during or after construction, particularly for site preparation, surface drainage control, 

subsurface drainage control, and xeriscape landscaping, that increased risk of deeper or more 

significant wetting, additional heave, and associated distress to the project elements should be 

expected.  

 

4.4. HEAVE ANALYSIS 
Using the results obtained from the one-dimensional swell tests, Olsson developed site-specific 

swell profiles. The profiles were developed using swell results from the targeted structure areas 

and/or from close proximity results from similar soils/rock and elevations. Olsson estimates 

unfactored free-field heave (FFH) or slab-on-grade movements of 2.0 to 5.5 or more inches for 

the various soil profiles assuming a depth of wetting of 25 feet. FFH calculations at the existing 

site grades were estimated to be up to approximately 3.0 inches.  

 

A FFH of 5.5 inches was estimated within the tank excavation assuming altered depth of wetting 

(DOW) of 15 feet below the planned excavation depth or approximately 40 feet below the 

existing ground surface. The altered tank DOW was selected based on the approximate depth 

of a deeper sandstone layer; Olsson believes 15 feet below the tank excavation should 
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reasonably capture potential swell of the underlying claystone lens. It should be noted that 

Olsson’s heave calculations do not include bedrock rebound that may occur in the deeper 

excavations. The foundation designer should consider rebound potential during design. 

 

Significant slab movements and associated distress should be anticipated if slabs are 

constructed directly on un-remediated native clays and/or claystone. Utilities could also 

experience significant movements which could alter the flow gradient and/or cause distress to 

pipe joints. Further, the laboratory swell pressures all exceed the anticipated shallow 

foundations loads which could lead to intolerable movements and distress to foundations 

elements constructed directly on the expansive soils and/or rock at the site. Therefore, we 

recommend subgrade mitigation at the proposed foundation footprints and critical floor slabs, as 

discussed in Section 6. This will be especially important for basins or other structures which will 

be required to contain fluids on poured concrete slabs. 

 

One-dimensional swell tests constrain the sample to only expand vertically, whereas in-situ 

expansion also occurs laterally. This lateral expansion results in a decrease in the amount of 

vertical heave and slight dissipation of swell pressures. Thompson (1997) addresses 

uncertainties and limitations of heave prediction using consolidation swell tests and notes that 

consolidation swell tests over-predict actual swell observed in the field due to lateral constraint 

when the sample was uniformly saturated. Thompson recommends that percent swells for 

engineering purposes be reduced to 70% of the laboratory-measured value. Table 4.4.1, below, 

summarizes the estimated swell for the various project elements.  
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Table 4.4.1: Estimated Free Field Heave Analysis 

Structure Identification 

Approximate  

Structure / Element 

Finished Floor Elevation 

(ft) 

Free Field Heave Estimates for  

Un-remediated Soils/Bedrock 

(in)* 

Unfactored 

Factored per 

Thompson 

(1997) 

Sludge Lagoons 5337 2.5 1.8 

Washwater EQ Basin and 

Pump Station  
5367 3.0 2.1 

Chemical Building 5373 2.9 2.0 

Lime Silo Building 5373 2.9 2.0 

High Service Pump Station 5328 5.5 3.7 

Electrical Room 5358 1.8 1.2 

2-3 MG Storage Tank 5328 5.5 3.7 

Admin Building 5362 2.0 1.4 

Flocculation Basin 5356 1.9 1.2 

Sedimentation Basin 5356 1.9 1.2 

Ozone 5350 2.2 1.6 

Filters 5350 2.2 1.6 

*Notes: 
1. A depth of wetting of 25 feet is assumed. 
2. A revised depth of wetting of 15 feet below the excavation is assumed for the tank and HSPS. 
3. Heave calculations assumes that the entire depth of wetting becomes saturated at once. 
4. Bedrock rebound associated with excavations and unloading are not included in the heave estimates. 
5. Free Field Heave estimates do not consider building/structure loads. 

 

Olsson’s heave predictions are based on our current understanding of the proposed site 

grading, cuts, and fills. If significant changes to grading (more than +/- 1 foot) occur in 

subsequent design plans, we should be contacted to reevaluate and provide additional 

recommendations, as necessary. The heave estimates provided were developed using the 

subsurface information obtained to date however, the amount of heave in the field may be more 

or less than our estimates depending on variations in ground conditions and/or changes to the 

depth of wetting and variability in subsurface conditions from our boring locations. 
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5. SITE PREPARATION  

5.1. GENERAL SITE AND SUBGRADE PREPARATION 
All topsoil, vegetation, major root systems, organic soils, and any loose, soft, or otherwise 

unsuitable or deleterious material should be stripped and removed from the entire construction 

area. These materials should be carefully separated to avoid incorporation into structural fill. 

Based on our observations in the borings, the topsoil/root zone where present was 

approximately 3 to 6 inches thick across the site; however, the contractor should be prepared 

for areas with deeper root zones across the project site. 

 

Site clearing, grubbing, and stripping should be completed during periods of dry weather. 

Operating heavy equipment on the site during periods of wet weather could result in excessive 

pumping and rutting of the subgrade soils. 

 

As previously discussed, the site is currently inhabited with a large population of prairie dogs. To 

reduce potential settlement of the proposed structures due to burrow collapse, the prairie dog 

tunnels should be excavated and thoroughly compacted during construction. 

 

After grubbing, stripping, demolition, site grading, and any required excavation, but prior to 

placement of structures, pavements, or fill in areas below design grade, the exposed soil 

subgrades should be prepared by scarifying, moisture conditioning and recompacting at least 

the upper 12 inches of exposed surface as recommended in Table 5.2.1. If excavations or site 

grading exposes bedrock materials, these materials should be surface compacted using a fully 

weighted smooth drum roller, as necessary to confirm the stability of the bedrock surface. Any 

localized zones of soft materials should be excavated and replaced with approved structural fill 

as recommended in Section 5.2. At the time of placement, the areas to receive fill should not be 

frozen and any ice, snow, or standing water should be removed. The use of a smooth cutting 

edge on the excavation bucket will help reduce subgrade disturbance at the base of foundation 

trenches.   

 

Options and considerations for overexcavation of the different project elements, including 

shallow foundations, mat foundations, slabs-on-grade, and pavements, are discussed in 

Sections 6 and 7 of this report. Overexcavated areas should be backfilled with controlled and 

engineer approved structural fill, in accordance with Section 5.2 of this report. In addition, 

following moisture treatment and compaction the prepared subgrade should be proofrolled with a 

fully loaded, tandem-axle dump truck or other wheeled equipment with minimum gross weight of 

20 tons, wherever access for the equipment is feasible. Proofrolling aids in delineating soft or 

loose areas that may exist below subgrade level. Unsuitable areas identified by visual 
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observation or proofrolling should be improved by compaction in-place or by overexcavation and 

replacement of the unstable soil with compacted structural fill.  

 

We recommend an Olsson geotechnical engineer, or their authorized representative, evaluate 

the base of new construction excavations prior to the placement of any new fill soils or 

pavements. We further recommend that an Olsson representative be on-site to observe and 

document uniform and stable subgrade conditions prior to placing new structural fill, structures, 

or pavement.  

 

5.2. STRUCTURAL FILL 
The on-site lean clays are suitable for reuse as structural fill provided the higher plasticity soils 

are blended with lower plasticity soils such that their resulting liquid limit is less than 45, 

plasticity index less than 25, and/or have a swell potential that is less than 1% under an 

inundation pressure of 500 psf. The blended mix should have fines content of 25 percent. 

Laboratory plasticity and swell documentation of blended materials should be provided to 

Olsson for review and approval prior to placement. Excavated claystone bedrock materials are 

not suitable for reuse as structural fill and should be removed from the site. Excavated 

sandstone may be reused as fill provided the material is free of claystone fragments or 

inclusions and processed to have a maximum particle size of 3 inches in any direction. With 

future planned expansions at the site, we recommend that general landscaping fill meet the 

requirements of this section. 

 

During excavation, we recommend that apparent fat clay materials be separated and stockpiled 

away from apparent lean clay materials. A geotechnical engineer or geologist from Olsson 

should be onsite during excavation to visually classify excavated materials and collect samples 

for laboratory testing to confirm the field classifications. 

 

Fat clays are not appropriate for use as structural fills or as retaining wall backfill but may be 

placed as general site landscaping fill in areas that are not intended for future facility 

expansions.  

 

Imported fill materials, if required, should be low plasticity, cohesive acting, non-expansive, 

sandy clays or clayey sands with a liquid limit less than 45, a plasticity index less than 25, have 

at least 25 percent passing the #200 sieve, and have a swell potential that is less than 1% 

under an inundation pressure of 500 psf. If alternate borrow materials are considered, we 

recommend the contractor provide supplier gradation, laboratory plasticity, and remolded swell 

documentation to Olsson for review and approval prior to site delivery. Olsson should be onsite 
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to provide regular monitoring of either import or blended materials during earthwork activities to 

document consistency of the soil parameters recommended in this report. 

 

Figure 5.1: Approximate Preliminary Lean Clay vs Fat Clay Boundaries 

 

If blending or chemical treatment methods are preferred, the excavation contractor should have 

proven experience and success working on similar projects. We also recommend additional 

testing be conducted on potential subgrade materials to confirm that the liquid limits, plasticity 

index, and swell potential meet the recommendations provided herein. Blended or chemically 

treated soils should not exceed 1% swell under an inundation pressure of 500 psf; the Atterberg 

limits shall result in a liquid limit less than 45 and a plasticity index less than 25.  

 

The figure above provides preliminary boundary assumptions for where lean clays verses fat 

clay surficial materials may be encountered. The boundaries were estimated based on the 

materials encountered within Olsson’s widely spaced boring locations. We categorized the 

surficial materials as available for reuse in their current state, materials that can be blended to 

meet the structural fill recommendations provided herein, and fat clays that should not be used 

Upper 2.5 ft Can be 

Blended 

Upper 2.5 ft 

Lean Clay 

Fat Clay 

Fat Clay 
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as structural fill. Variability may exist within the boundaries shown. Proposed onsite burrow 

material samples should be provided to Olsson to verify that the recommendations provided 

herein are met. A more detailed surficial zone plan is provided in Appendix D. 

 

All structural fill soils should be free of debris, organics, and other unsuitable materials, and 

should not be frozen or include ice, snow, or frost at the time of placement.  

 

New fill should be placed in maximum loose lift thicknesses of 8 inches and compacted as 

recommended in Table 5.2.1. The lift thicknesses should be limited to 4 inches when 

compacting in small areas requiring hand-operated equipment such as vibrating plate 

compactors, walk behind trench rollers, or jumping jacks.  

 

An Olsson representative should be on site full time throughout placement of fill materials to 

observe and monitor the excavation and grading operations and perform field density tests to 

document that recommended moisture and compaction requirements are being achieved. 

 

Table 5.2.1: Fill Placement Guidelines 

Areas of Fill 

Placement 
Material 

Minimum 

Compaction 

Recommendation 

Moisture Content 

(% of Optimum) 

General subgrade 

preparation, 

overexcavation 

backfill underlying 

pavements, trench 

backfill, and 

trench subgrade 

Upper 5 feet in 

Depth 

Onsite excavated or imported low 

plasticity predominantly sandy soils  

(SC, SC/SM) 

95% 

Standard Proctor 

(ASTM D698) 

-2 to +2 percent 

Onsite excavated, onsite blended, 

or imported low plasticity, non-

expansive, cohesive predominantly 

clay soils 

(CL, CL/ML) 

95% 

Standard Proctor 

(ASTM D698) 

0 to +4 percent 

General subgrade 

preparation, 

overexcavation 

backfill underlying 

pavements, and 

trench backfill 

Deeper than 5 

feet  

Onsite excavated or imported low 

plasticity predominantly sandy soils  

(SC, SC/SM) 

98% 

Standard Proctor 

(ASTM D698) 

-2 to +2 percent 

Onsite excavated, onsite blended, 

or imported low plasticity, non-

expansive, cohesive predominantly 

clay soils 

(CL, CL/ML) 

98% 

Standard Proctor 

(ASTM D698) 

0 to +4 percent 
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Areas of Fill 

Placement 
Material 

Minimum 

Compaction 

Recommendation 

Moisture Content 

(% of Optimum) 

Overexcavation 

backfill or site fill 

underlying 

structures 

Onsite excavated or imported low 

plasticity predominantly sandy soils  

(SC, SC/SM) 

98% 

Standard Proctor 

(ASTM D698) 

-2 to +2 percent 

Onsite excavated, onsite blended, 

or imported low plasticity, non-

expansive, cohesive predominantly 

clay soils 

(CL, CL/ML) 

98% 

Standard Proctor 

(ASTM D698) 

-0 to +4 percent 

Immediately below 

floor slabs within 

the frost zone 

Non-cohesive granular fills (No. 57 

stone meeting ASTM C-33 

specifications) 

95% 

Standard Proctor 

(ASTM D698) 

Necessary 

Moisture Content 

to reach 

compaction 

Aggregate Base 

Course 

Non-cohesive granular fills  

(CDOT Class 6 material) 

95% 

Modified Proctor 

(ASTM D1557) 

-2 to +2 percent 

Utility trench Granular bedding 

95% 

Standard Proctor 

(ASTM D698) 

Necessary 

moisture content 

to reach 

compaction 

 

The moisture content for the structural fill at the time of compaction should generally be 

maintained between the ranges specified above. More stringent moisture limits may be 

necessary with certain soils and some adjustments to moisture contents may be necessary to 

achieve compaction in accordance with project specifications. 

 

5.3. DRAINAGE CONSIDERATIONS 
The long-term performance of the structures is dependent on reducing or eliminating moisture 

infiltration into the subgrade materials. Water should not be allowed to collect at the ground 

surfaces near foundations, critical project elements, or areas of new pavement, either during or 

after construction. Provisions should be made to quickly remove accumulating seepage water or 

storm water runoff from excavations. Undercut or excavated areas should be sloped toward one 

corner to allow rainwater or surface runoff to be quickly collected and gravity drained or pumped 

from construction areas. Subgrade soils that are exposed to precipitation or runoff should be 

evaluated by Olsson prior to the placement of new fill, reinforcing steel, or concrete to 

determine if corrective action is required. 
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To minimize concerns related to improper or inadequate drainage away from foundation bearing 

subgrades or from cohesive backfill materials used in utility trenches, we recommend the 

following: 

• Provide for efficient drainage of rainfall or surface runoff away from new structures.  

Water should not be allowed to pond near foundation elements. 

• Underdrain systems are recommended for below grade construction to help protect and 

prevent hydrostatic pressure buildup of foundation walls and to reduce the potential 

settlement of fill materials. Underdrains should be installed around all building foundation 

systems and tank foundation systems to collect water runoff and redirect moisture away 

from areas of structural fill. Moisture should be gravity drained to daylight or collected in 

a sump and pump system, the drain outlet should be directed away from the foundation 

area and discharged well beyond the limits of the backfill zone.  

• As a part of structure maintenance, we recommend that the finished grade slopes be 

periodically inspected and reestablished, as necessary. 

• Depending on the depths of excavations and foundations, a permanent dewatering 

system may need to be considered.  

• Any drainage swales or outlets should be located at least 10 feet away from any 

foundation elements or other critical structures. 

• Roof run-off should be collected and discharged directly to the storm sewer system or 

directed to a location with positive and rapid drainage away from new structures and well 

beyond the foundation backfill extents. 

• External hose connections in unpaved areas should incorporate splash blocks to prevent 

accidental flooding of foundation bearing or backfill soils. External hose connections 

should have cut-off valves inside the building to prevent accidental or unauthorized use. 

• Site grading should provide for efficient drainage of rainfall or surface runoff away from 

new structures and pavements.  

• Pavement run-off should be collected and discharged directly to the storm sewer system 

or directed to a location with positive and rapid drainage away from new structures and 

pavements. 

• Landscape irrigation amounts should be reduced with the use of xeriscaping. Xeriscape 

rather than traditional landscaping is recommended near buildings and other critical 

structures. 

 

5.4. TEMPORARY SLOPES AND EXCAVATIONS 
Construction site safety is the responsibility of the general contractor. The contractor shall also 

be solely responsible for the means, methods, techniques, sequencing, and operations during 

construction. Olsson is providing the following information solely as a service to our client. 

Under no circumstances should Olsson’s provision of the following information be construed to 
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mean that we are assuming responsibility for construction site safety or the contractor’s 

activities. Such responsibility is not implied and should not be inferred. 

 

The contractor should be aware that slope height, slope inclination, and excavation depths 

(including utility trench excavations) should in no case exceed those specified in local, state, or 

federal safety regulation; e.g., OSHA Health and Safety Standards for Excavations, 29 CFR 

Part 1926, or successor regulations. Such regulations are strictly enforced and, if not followed, 

the owner, contractor, or earthwork or utility subcontractor could be liable for substantial 

penalties. 

 

Temporary slopes exceeding 5H:1V should be properly benched prior to placement of new fill to 

reduce the potential for slippage between existing slopes and fills. Benches should be wide 

enough to accommodate compaction and earth moving equipment, and to allow placement of 

horizontal lifts of fill. As an alternative to flatter and benched temporary slopes, vertical 

excavations can be temporarily shored. The contractor should be responsible for the design of 

temporary shoring in accordance with applicable regulatory requirements.  

 

Permanent fill and cut slopes at the site should not exceed 3H:1V. Where steeper slopes are 

planned, additional analysis should be performed once grading plans have been developed. 

 

If excavations, including utility trenches, are extended to depths of more than 20 feet, OSHA 

requires that the side slopes of such excavations be designed by a professional engineer 

registered in the state where construction is occurring. Utility trench shoring may also be 

necessary in areas constrained by existing structures or infrastructure. Olsson is available to 

provide supplemental design recommendations for shoring systems.   

 

5.4.1. EXCAVATION EQUIPMENT DISCUSSION 
Exploratory borings were advanced using traditional drilling methods. The results of the 

geotechnical exploration indicate shallow bedrock consisting of weak sedimentary rock 

(claystone and sandstone), also described as intermediate geo-materials (IGMs). The 

cementation and degree of weathering of the sandstone and claystone materials and 

corresponding strength varies from location to location but in general the onsite IGMs are 

considered soft in terms of rock properties. Conventional excavation machines are anticipated 

to be suitable for excavation of most of the foundations; however, heavy excavation equipment 

may be needed for areas of planned deep excavations or where hard cemented sandstone is 

encountered. The contractor should review the boring logs included in Appendix B to determine 

where heavy equipment may be necessary based on material, strength results and SPT “N” 

values. 
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5.5. UTILITIES 
We recommend the subgrade supporting utility pipes should be prepared as recommended in 

Section 5.1. Granular pipe bedding is acceptable and should be placed over the prepared 

subgrade and compacted per Section 5.2. To provide uniform support of the utilities, to help 

reduce moisture infiltration, and to reduce the amount of swell potential Olsson recommends 

the prepared subgrade include a minimum of three feet of cohesive acting low plasticity and/or 

low swelling structural fill in accordance with Section 5.2. Further, pipelines with planned 

embedment at elevations within bedrock should have a minimum separation of five (5) feet from 

the bottom of pipe to the top of rock. This can be accomplished by either overexcavating and 

replacing with controlled structural fill or by raising the embedment grades.  

 

In accordance with the City of Westminster’s specifications, utility trench backfill material shall 

be deposited in uniform horizontal layers which may not exceed six inches (6") (compacted 

depth).The remaining trench should be backfilled using the soils originally removed from the 

trench excavations as long as these soils meet the structural fill requirements and have a 

compatible gradation with the granular bedding material below such that this backfill does not 

migrate into the granular material causing unexpected settlement. On the other hand, if the 

gradation of this backfill is not compatible, we recommend a separating fabric be installed 

between the granular bedding material below and this backfill. The trenches should be backfilled 

with properly compacted structural fill placed in accordance with Section 5.2 of this report. In 

places where proper compaction of the backfill cannot be achieved, the utility trenches should 

be backfilled with flowable fill or controlled low-strength materials (CLSM) and the material 

should completely surround the utility line. 

 

To further restrict water infiltration into the trenches, the utility trenches not covered with 

pavement or concrete flatwork should be capped with at least 1 foot of low permeability clay 

soils extending at least 3 feet outside of the perimeter of the trench. In addition, where utilities 

will penetrate the footprint of the building, it is recommended that a utility trench “plug” be 

constructed around the utilities that extends at least 5 feet beyond the perimeter of the structure. 

The trench plug should consist of non-expansive cohesive backfill materials having at least 50 

percent passing the #200 sieve, to provide a moisture barrier within the influence zone of the 

new structure. Further flexible utility connections should be considered where possible and 

openings within foundation walls should be oversized by a couple inches.  

 

Water should be prevented from entering utility trenches before and during construction. While 

in service, the utility designer should consider the potential impact of groundwater on the utilities 

depending on depth. Extended excavations should not remain open if rain and/or snow is 

anticipated. Excavations should be backfilled as soon as possible with approved structural fill to 
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reduce the potential for moisture infiltration or sidewall sloughing. Depending on the final 

planned pipe elevations, consideration of an underdrain system may be warranted. Olsson 

recommends that groundwater not be allowed to accumulate in trenches or excavations during 

or after construction. However, pumping systems can and do fail. The pipeline designer should 

consider the potential for flotation after construction. Use of anti-flotation restraints, such as 

collars or anchors may be considered. 

 

We understand that both raw and treated water pipes are planned throughout the distribution 

system as part of the City of Westminster’s 2025 Process Plans. The above discussion and the 

recommendations in this report do not address any utilities planned outside the bounds of the 

water treatment facility project area. Separate investigation(s) should be performed to develop 

design and construction recommendations for pipelines throughout the distribution network. 

 

5.6. CONSTRUCTION EQUIPMENT MOBILITY 
The onsite subgrade soils consisting of significant amounts of clay are anticipated to be 

susceptible to degradation under repeated construction equipment traffic and may be unstable 

and cause excessive pumping and rutting when exposed to high moisture levels under repeated 

traffic loads. Therefore, necessary precautions should be made to avoid excessive degradation 

of the subgrade soils, including use of lightly loaded track mounted equipment in lieu of heavy 

rubber-tired equipment. Temporary stabilization techniques may be required depending on 

severity of the degradation or weather conditions. 

 

Some general guidelines for reducing equipment mobility problems and addressing potential 

soft and wet surface soils are as follows: 

• Optimize surface water drainage at the site during construction. 

• Whenever possible, wait for dry weather conditions to prevail, and do not operate 

construction equipment on the site during wet conditions. Temporarily recompact loose 

subgrade soils if rain is forecast to promote site drainage and reduce moisture 

infiltration. Ruts caused by construction vehicle traffic will accelerate subgrade 

disturbance.  

• Disc or scarify wet surface soils during periods of favorable weather to accelerate drying.  

• Use construction equipment that is well suited for the intended job under the existing site 

conditions. Heavy rubber-tired equipment typically requires better site conditions than 

lightly loaded track-mounted equipment. 

 

It may be necessary to take steps to aggressively improve equipment mobility if construction 

must proceed during unfavorable conditions. In our experience, sheepsfoot rollers are likely the 

best suited compaction equipment based on the subsurface materials encountered. 
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6. STRUCTURES 
We understand that design of the facility is currently underway and in preliminary stages. A 

range of expected structural loads has been provided to Olsson by CDM Smith, as noted in 

Section 1.3. The discussion below presents a range of options for consideration by the project 

team which may be selected for support of the structures.  

 

6.1. SHALLOW FOUNDATION DESIGN 
Provided the subsurface modifications in this section are followed, the site appears suitable for 

supporting the facility structural loads on conventional shallow spread or trench type 

foundations. As previously discussed in Section 4, subsurface soils, and bedrock with low to 

moderate swell potentials, low to moderate collapse potentials, and low to high consolidation 

potentials under load were encountered across the site. To reduce potential movement due to 

soils with variable load and moisture change responses, including low to moderate swell 

potential, low to moderate collapse potential, and consolidation settlement, a limited 

overexcavation should be performed underlying shallow foundations. 

 

We recommend a maximum net allowable bearing pressure of 2,500 pounds per square foot 

(psf) for shallow foundation system bearing on structural fill placed to the depths recommended 

in this section and placed in accordance with Sections 5.1 and 5.2. This bearing pressure is 

somewhat conservative to help reduce the amount of extra overexcavation and replacement, if 

additional load demands become apparent, Olsson should be contacted to provide additional 

recommendations. The net bearing pressure is the allowable bearing pressure in addition to the 

overburden stress of soils at the foundation bearing depth. The net allowable bearing capacity 

can be increased by 1/3 for transient loadings (short-term loading such as wind load or seismic 

load) when used with the alternative basic load combinations of Section 1605.3.2 of IBC 2015. 

 

The use of the recommended design bearing pressure is contingent on having prepared 

foundation subgrades observed by an Olsson geotechnical engineer or their authorized field 

representative prior to placing new structural fill, reinforcing steel, or concrete to document that 

the subgrade soils and conditions are consistent with the bearing subgrade requirements of this 

report. Additionally, we recommend bearing subgrades be proofrolled or hand probed before 

placing reinforcing steel or concrete to identify soft, loose, or otherwise unsuitable conditions. 

Proofrolling should be performed using a fully loaded, tandem-axle dump truck or other wheeled 

equipment with minimum gross weight of 20 tons wherever access for the equipment is feasible. 

 

Lateral resistance of the foundation will be achieved through a combination of base shear 

resistance mobilized at the footing-subgrade interface and passive earth pressure acting on the 
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vertical faces of the footings at right angles to the direction of applied load. A friction coefficient 

value of 0.35 can be used between the structural fill and the foundation concrete for base shear 

and sliding resistance. Passive earth pressure resistance within the frost penetration depths 

should be ignored. If foundations are extended below frost penetration depths, lateral resistance 

for foundations extending below frost depth can be calculated using a drained nominal passive 

equivalent fluid pressures provided in Section 6.6. The design engineer should select the 

appropriate lateral pressures based on the material and groundwater conditions encountered. 

The design engineer should also use a suitable factor of safety. For foundations that extend 

below the water table, buoyant forces should be considered for foundation design.  

 

6.1.1. GRADE BEAM AND FOOTING SHALLOW FOUNDATION DESIGN 
Footings will be supported by the minimum depth of approved structural fill provided in the table 

below, placed in accordance with Section 5.2, either by overexcavating and replacing the native 

materials or by raising the existing site grade. Prior to placement of structural fill, the exposed 

soil or bedrock materials should be prepared per Section 5.1.  

 

Table 6.1.1: Overexcavation Depth Recommendations 

Structure 

Identificati

on 

  
Recommended Fill Depth  

 

 

 

Slab Heave 

Estimate with 

Remediated 

Soils (in) 

Approxima

te Existing 

Grade 

Elevation 

Approximat

e Structure/ 

Element 

Finished 

Floor 

Elevation 

(ft) 

Approximate 

Over-

Excavation 

Elevation (ft) 

Approximate 

Minimum 

Depth of Fill 

Below 

Foundation 

(ft) 

 

Approximate 

Minimum 

Depth of Fill 

Below Slab 

(ft) 

Sludge 

Lagoons 
5,340 5,337 5,333 4.010 4.0 1.0 

Washwater 

EQ Basin 

and Pump 

Station  

5,352 5,358 5,352 3.0 6.0 1.0 

Gravity 

Thickener 
5,353 5,358 5,352 3.0 6.0 1.1 

Chemical 

Building 
5,370 5,373 5,367 3.0 5.0 1.0 

Lime Silo 

Building 
5,370 5,373 5,367 3.0 5.0 1.0 
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Structure 

Identificati

on 

  
Recommended Fill Depth  

 

 

 

Slab Heave 

Estimate with 

Remediated 

Soils (in) 

Approxima

te Existing 

Grade 

Elevation 

Approximat

e Structure/ 

Element 

Finished 

Floor 

Elevation 

(ft) 

Approximate 

Over-

Excavation 

Elevation (ft) 

Approximate 

Minimum 

Depth of Fill 

Below 

Foundation 

(ft) 

 

Approximate 

Minimum 

Depth of Fill 

Below Slab 

(ft) 

High 

Service 

Pump 

Station 

5,347 5,328 5,321 7.010 6.0 1.0 

Electrical 

Room 
5,355 5358 5,351 4.0 7.0 1.1 

2-3 MG 

Storage 

Tank 

5,347 5,328 5,321 7.010 6.0 1.0 

Admin 

Building 
5,358 5,362 5355 3.0 4.0 1.1 

Flocculation 

Basin 
5,364 5,357 5,351 3.0 6.0 1.2 

Sedimentati

on Basin 
5,364 5,357 5,351 3.0 6.0 1.2 

Rapid Mix  5,365 5,367 5,359 5.0 8.0 1.2 

Ozone 5,356 5,350 5,346 1.0 4.0 1.1 

Filters 5,356 5,350 5,346 1.0 4.0 1.1 

Notes: 
1. If site grading or finished floor (FF) elevations varies significantly (+/- 1 foot) from the elevations provided above, 

the heave estimates will no longer be valid.  
2. The overexcavation elevations and excavation depth should be considered approximate and may vary with 

existing grade changes within the proposed structure footprints and foundation steps. 
3. The overexcavation depth begins at the existing grade elevation. 
4. Assumes frost depth foundations embedding at least 3 feet below the FF. 
5. Heave estimates assume full saturation of the wetting front at the same time which in our opinion is unlikely to 

occur in non-laboratory settings. 
6. Heave estimates are factored per Thompson (1997). 
7. The heave estimates do not include rebound associated with deeper excavations. 
8. The heave estimate assume that the native subgrade soils and bedrock are not allowed to dry out and desiccate 

during construction activities. Anticipated heave would increase if drying occurs. 
9. The slab heave calculations take both overexcavation depths and mass grading fill into account, changes to 

either will affect the estimated slab heave. 
10. Assumes a concrete liner or mat foundation at is less than 12-inches thick.  
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For foundations constructed in accordance with the recommendations in this report, total 

settlements of less than 1 inch should be anticipated. Differential settlements of less than ½ inch 

between footings or across a 50-foot (or less) span should also be anticipated. These 

settlement magnitudes are generally tolerable for typical structures. If these magnitudes are 

unacceptable, Olsson should be contacted to discuss and revise recommendations as 

appropriate. 

 

Building footings should have minimum dimensions in accordance with local building codes. 

Olsson recommends minimum dimensions of 18 inches for continuous footings and 24 inches 

for isolated column footings to minimize the potential for localized bearing failure. Perimeter 

footings and footings in unheated areas should bear at a minimum depth of 36 inches below the 

lowest adjacent final ground surface for frost protection per City of Westminster requirements. 

Olsson recommends that shallow foundations be protected with a perimeter drain system to 

help reduce moisture infiltration and minimize post construction fill settlement and/or swelling of 

underlying soil or bedrock. The perimeter drain should be adequately sloped to transport 

collected moisture and discharge well beyond the limits of foundations, pavements, and site 

flatwork. A sump and pump system should be considered if gravity drainage is not feasible. 

 

6.1.2. ISOLATED FOOTING & TURNED DOWN EDGE FOUNDATION DESIGN 
Isolated perimeter pad foundations could be considered in lieu of traditional grade beam and 

spread footing foundations to reduce the amount of over excavation required by increasing the 

foundation minimum deadloads to counter act potential swelling pressure of the shallow native 

clay. The same concept could be utilized for mat foundations with turned down edges. The 

overexcavation reduction would vary from site to site. For estimation purposes it can be 

assumed an overexcavation reduction of approximately half the depth provided in Table 6.1.1 

for original overexcavation depths of 4 feet or less and a reduction of approximately 1/3 for 

original fills greater than 4 feet. The structural fill depths may be accomplished either by 

overexcavating and replacing the native materials with approved structural fill or by raising the 

existing site grade with approved structural fill. Prior to placement of structural fill, the exposed 

soil or bedrock materials should be prepared per Section 5.1. 

 

We recommend that the isolated footing foundations be designed for a minimum loading of at 

least 1/3 of the final allowable net bearing pressure to resist some of the uplift due to potential 

swelling. We recommend a maximum allowable net bearing pressure of 3,500 pounds per 

square foot (psf) for a shallow foundation system bearing on structural fill placed in accordance 

with Sections 5.1 and 5.2. The net allowable bearing capacity can be increased by 1/3 for 

transient loadings (short-term loading such as wind load or seismic load) when used with the 

alternative basic load combinations of Section 1605.3.2 of IBC 2015.  
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For the best long-term performance of the structures, we recommend that the slabs or non-

thickened portions of mat be constructed as structural floor systems. Structural floor systems 

are also recommended for isolated pad foundations to allow for reduced overexcavation depths 

and to help minimize post construction movement resulting from swelling soils and bedrock.  

 

We recommend a void be established below the foundation stem wall, between isolated 

perimeter pads, and below the structural floors which can be accomplished with the use of 

degradable void forms. The void height will vary at the different buildings/structures based on 

the reduced over-excavation depth and the site-specific soil properties. For estimation 

purposes, we anticipate that most void forms will need to be at least 4 inches in height, however 

some locations may require 6-inch void forms. Extra caution during construction should be 

taken to ensure that void cartons are not punctured and filled with concrete. If this occurs the 

damaged cartons should not be allowed to remain in place and should be replaced.  

 

If isolated footing type foundations are selected for any of the project structure Olsson should 

be contacted to provide site specific overexcavation, void height information, and anticipated 

settlement.  

 

6.1.3. MAT FOUNDATION DESIGN 
The subsurface conditions appear suitable for supporting proposed facility elements on a mat 

foundation system provided the recommendations in this report are followed.  

 

Mat foundations should be supported on controlled structural fill extending to the over-

excavation elevations or minimum fill depths provided on Table 6.1.1 above. Structural fill 

should be placed in accordance with Section 5.2, either by overexcavating and replacing the 

native materials or by raising the existing site grade. Prior to placement of structural fill, the 

exposed soil or bedrock materials should be prepared per Section 5.1. The mat should be 

designed to uniformly distribute the applied building loads across the entire mat foundation. We 

recommend that mat foundations be designed for a maximum net allowable soil bearing 

pressure of approximately 2,500 psf.  

 

Mat foundations tend to experience more settlement than lightly loaded isolated foundations due 

to the larger influence zone associated with mat foundation. However, mat-type foundation 

systems tie the multiple structure elements together in one reinforced concrete mat which will 

typically reduce the differential settlement potential across the structural pad.  

 

Olsson recommends a modulus of subgrade reaction of 120 pounds per cubic inch (pci) for the 

design of the mat foundation bearing in approved structural fill as discussed in this report. This 
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value is a unit value for use with a 1-foot square footing. The modulus should be reduced in 

accordance with the following equation (Das 2011, Principles of Foundation Engineering) when 

used with larger foundations: 

𝑘 = 𝑘1 (
𝐵 + 1

2𝐵
)
2

 

 

where k is the subgrade modulus for a mat foundation (dimensions B x B), k1 is the unit 

subgrade modulus (dimensions 1 foot by 1 foot), and B is the foundation width (in feet).  

 

A coefficient of friction of 0.35 may be used for concrete slabs bearing directly against approved 

sandy clay structural fill materials. If a vapor barrier is used, this value should be reduced to 

0.15.  

 

If the structural designer would prefer this design using this methodology, Olsson should be 

contacted for the anticipated settlement additional recommendations in support of mat 

foundation design for the specific structures intended to be supported by mat foundation 

systems.  

 

6.2. DEEP FOUNDATIONS 
Deep foundation systems are another suitable option for supporting facility structural loads 

across the project site. During drilling in both of our explorations, the borings appeared to 

remain open while drilling and immediately upon completion of drilling. While we do not 

anticipate sidewall sloughing during drilled shaft construction, it is likely shafts, if used, will 

extend below the water table. We recommend that the installation contractor review this report 

to evaluate the soils encountered and select their means and methods for drilled shaft 

installation accordingly.  

 

If designing lateral capacity of drilled shaft foundations using LPILE (by Ensoft Inc.) or similar 

programs, the following parameters are applicable for this project site. The design parameters 

are based on the results of our laboratory testing program and information obtained from the 

geotechnical borings. Depths and properties shown in the table below represent general 

parameters for the different encountered materials within ranges of depth. Specific design 

values for the structures should use the values below in combination with the boring logs in 

Appendix B to evaluate capacities at each specific boring location.  
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Table 6.2.1. Recommended Soil Boring Profiles for Design 

Structure Identification 
Boring Number for 

Subsurface Profile 

Sludge Lagoons B-1 

Washwater EQ Basin and Pump Station  B-18 

Chemical Building B-11 & B-23 

Lime Silo Building B-23 

High Service Pump Station B-19 & B-20 

Electrical Room B-21 

2-3 MG Storage Tank B-17 

Admin Building B-22 

Flocculation Basin B-9 

Sedimentation Basin B-9 

Ozone B-21 

Filters B-21 

Rapid Mix B-23 
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Table 6.2.2. Design Parameters for Deep Foundations 

Soil Type 

Approximate 

Formation 

Depths 

(ft) 

Moist 

Unit 

Weight 

(pcf) 

Ultimate Skin 

Friction 

(psf) 3,4 

Ultimate End 

Bearing 

(psf) 3 

Cohesion/ 

Friction 

Angle 

Soil Modulus 

kh 

(pci) 

Strain 

Factor 

E50 

CL (Frost) 0 – 3 110 Ignore Ignore Ignore 30 N/A 

CL, CL/CH, 

CH1 
3 – 10 120 -350 N/R 1,800 psf 

Static – 500 

Cyclic – 200 
0.007 

SC 3 – 10 120 Ignore N/R 32 degrees 
Static – 90 

Cyclic – N/A 
N/A 

Upper 

Sandstone2 
6 – 15 125 400 N/R 35 degrees 

Static – 125 

Cyclic – N/A 
N/A 

Upper 

Claystone1 
6 – 16 125 -450 N/R 4,800 psf 

Static – 2000 

Cyclic – 800 
0.005 

Middle 

Sandstone2 
16- DOW5 125 500 13,000 35 degrees 

Static – 125 

Cyclic – N/A 
N/A 

Middle 

Claystone1 
16 – DOW5 125 -400 N/R 8,000 psf 

Static – 2000 

Cyclic – 800 
0.004 

Lower 

Sandstone2 
DOW5 – 50 125 650 60,000 40 degrees 

Static – 125 

Cyclic – N/A 
N/A 

Lower 

Claystone1 
DOW5– 50 125 5,900 50,000 11,500   psf 

Static – 2000 

Cyclic – 800 
0.004 

1 Clay soils with cohesion more than 1,000 psf should be modeled as “Stiff Clay with Free Water (Reese)”. 
2 Sandy soils should be modeled as “Sand (Reese)”. 
3 These are ultimate or nominal values and do not include any factor of safety or resistance factors. When using 

allowable stress design method, we recommend using a minimum factor of safety 2 for pile end bearing and 2.5 for 

side friction against axial resistance with 3/4th of the allowable skin friction for uplift resistance, per regional studies. 
4 The upper 10 feet of the shafts should be cased, and skin friction should be ignored within the seasonal zone of 

moisture variation. Negative values indicate uplift pressure due to swell of claystone materials, as directed by CAGE 

(1999).  
5 DOW is the assumed depth of wetting, as discussed in Section 4.3. 

N/A = Not Applicable; N/R = Not Recommended 

 

Olsson recommends that drilled shaft foundations be a minimum of 18 inches in diameter and 

be designed in accordance with the soil parameters provided above. The shaft lengths should 

be designed to accommodate the required structural loads. The bedrock materials tested by 

Olsson indicate moderate swell potential with moderate to high swelling pressures. Piers 

should have a minimum deadload of 20,000 pounds per square feet. If this minimum deadload 

cannot be met, the pier embedment depth may need to be extended. The structural engineer 

will need to verify minimum recommended depths, diameters, and embedment for the final 

loads.  
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For the values above to be valid, the following considerations should be included in the design: 

• Individual shafts designed per the parameters provided in the above table are 

anticipated to experience settlements less than 1 inch. The values above assume that 

proper drainage is provided around the foundations to avoid moisture changes in the 

subgrade soils.  

• Friction should be ignored within the seasonal zone of moisture variation; however, 

negative skin friction or uplift should still be considered. 

• Permanent sleeves or casing within the seasonal zone of moisture variation or deeper 

may be considered as an option to reduce negative skin frictions due to swelling. 

• The shafts should be embedded at least one (1) diameter into competent bedrock to 

achieve the ultimate end bearing value associated with the bedrock as shown in Table 

6.2.2. The final shaft diameter and tip depth should be provided by the structural 

engineer based on their review of this report, the final grading plan, and the soil 

conditions encountered at the time of installation.  

• We recommend that piers be designed to provide a minimum deadload of 20,000 psf. 

Drilled shafts with this minimum deadload should extend a minimum of 5 feet beyond the 

assumed depth of wetting, or deeper as necessary to counter act pier uplift.  

• An uplift capacity of 75 percent of the allowable skin friction can be used in combination 

with the overall pile weight for the design of a steel reinforced pile to resist uplift loads. 

The structural capacity of the piles should be determined using applicable local building 

codes. 

• Drilled shafts required to resist uplift forces should be reinforced over their entire length. 

It is common for drilled shaft foundations to be designed with sufficient reinforcing steel 

to accommodate incidental bending moments and transient lateral loads. Typically, the 

reinforcing steel area requirement is equal to approximately 1 percent of the pile cross-

sectional area. However, the structural engineer will need to design a pier reinforcement 

area sufficient for the potential swelling pressures documented in Appendix C.  

• The contractor should be prepared for drilling with temporary casings if required. Where 

temporary casings are used, the casing should be extracted at a slow, uniform rate, with 

the pull in line with the center of the shaft. Where groundwater is encountered, concrete 

should be brought up at least to the external level of groundwater before any casing 

lifting commences to prevent infiltration of water, caving soils, or creation of voids in 

shaft concrete.  

• The base of the drilled shaft boring should be clean and free of debris or loose soil prior 

to placing concrete or reinforcing steel.  

• Bore holes should be carefully cleaned prior to placement of concrete. Groundwater was 

encountered as shallow as approximately 12.2 feet below the existing ground surface. 

We recommend that concrete should be on site and placed in the pier holes as 
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immediately as practical after the holes are drilled, cleaned, and observed by Olsson to 

avoid collecting water and possible contamination of open pier holes. We anticipate 

tremie equipment and/or pumping may be necessary for proper cleaning, dewatering, 

and concrete placement. Concrete should not be placed by free fall if there is more than 

about 3 inches of water at the bottom of the hole.  

• Free-fall concrete placement is not recommended unless approved by the structural 

engineer. The use of a bottom dump hopper or tremie pipe could be considered to 

prevent potential aggregate segregation or sidewall disturbance. 

• Construction specifications for drilled shafts should include a concrete mix designed to 

limit bleeding of installed shafts and the pile contractor’s responsibility to increase 

individual or group shaft lengths, the installation of additional shafts to compensate for 

any soil disturbance created by the contractor’s means and methods during construction. 

The concrete or grout mix, at a minimum, should be designed to sufficient strength to 

support the structures. 

• An Olsson field technician should be on-site to observe the shafts as they are drilled 

and during concrete and reinforcing steel placement. 

• A minimum void space of 4-inches should be provided between the ground surface and 

the bottom of pile caps and grade beams at most of the structures to account for 

swelling soils for permanent drilled shaft construction. The void height should be 

increased to 6-inches for foundations founded within deeper excavations such as the 

tank and finished water pump station. 

• Spacing between the shafts should be maintained at least 3 times the diameter of the 

shaft (center-to-center) for the above axial capacity to be valid. If the spacing between 

the shafts is less than 3 times the diameter of the drilled shaft, then the axial capacity of 

the individual shaft should be reduced using a group efficiency factor to account for the 

group action. The group efficiency factor depends on the shaft spacing, shaft diameter, 

and geometry of the group (number of rows and columns). Similarly, if the shaft spacing 

is less than 3 times the diameter of the drilled shaft then the lateral capacity of the 

individual shaft should be reduced using a P-multiplier factor for group action. The P-

multiplier factor depends on the shaft spacing, shaft diameter, and its position (row) with 

respect to the group. The estimated settlement indicated above is for individual shafts 

supporting the load; however, if the spacing is less than 4 times the diameter of the 

shaft, the settlement may increase due to group effects. Group efficiency, P-multiplier 

factors, and group settlement can be provided upon request. 

 

6.3. BUILDING FLOOR SLABS 
Due to the documented swell of the native soils, we have provided two options for building floor 

slabs for consideration by the project team.  
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Slab-on Grade Option: Structurally supported floors will provide the lowest risk of post 

construction movement however, slab-on-grade floors are an acceptable floor system for the 

site provided the slabs are supported by the minimum structural fill depth provided in Table 

6.1.1 and the Owner understands and accepts the increased risks associated with slab-on-

grade construction. The structural fill depths provided on Table 6.1.1 can be accomplished by 

overexcavation and replacement or by raising the site grade. Structural fill should meet the 

recommended criteria provided and placed in accordance with Section 5.2. Prior to placement 

of structural fill, the exposed soil or bedrock materials should be prepared per Section 5.1. 

Additionally, the floor slab subgrade should be evaluated by proofrolling (if feasible) with an 

Olsson representative present, during the site grading or earthwork stages prior to placement of 

crushed rock, reinforcing steel, or concrete. If unstable soils are encountered which cannot be 

adequately densified in place, these soils should be removed and replaced with structural fill in 

accordance with the recommendations of this report. Above the high groundwater level, a 

minimum of 4 inches of clean, crushed rock similar to No. 57 stone should be placed directly 

underlying concrete slab in order to provide a capillary break and leveling surface. The stone 

should be compacted as discussed in Section 5.2. 

 

If the recommendations of are followed and the subgrade soils are prepared and compacted as 

recommended and a granular layer is provided, the building floor slab may be designed using a 

subgrade modulus (“kv” value) of 250 psi/in. If the slabs bear directly on prepared subgrade 

soils, we recommend a subgrade modulus of 120 psi/in. 

 

Interior partition walls (i.e. wood framed divider walls) should not be supported directly on the 

slab-on-grade floor, and instead should be supported by the building super-structure and a void 

space should be left between the bottom of the wall and slab-on-grade surface. This separation 

will allow any minor movement of the slab and prevent damage to interior finishes.  

 

Structurally Supported Floor System Option: Structural slabs or slab-on-voids would provide the 

least amount of post construction movement and, if selected, are recommended with at least 4 

inches of void space between the bottom of slab and final subgrade surface for most of the 

planned structure floor systems; the void height should be increased to 6 inches for the tank and 

finished water pump station. The slab loading will be transferred directly to the shallow or deep 

foundation system and suspended above the subgrade soils which allows the soils to swell 

within the void space below the slab. Void spaces could be established with cardboard void 

boxes (such as SureVoid® or similar) or by constructing a crawlspace. Soils below the voided 

floor slab system that are not supporting or in contact with the building elements do not need to 

be excavated and replaced, or moisture treated. However, the surface should be sloped to 
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drain, and surface compacted to reduce moisture infiltration. Structural design of the structural 

slab or slab-on-void should be completed by the project structural engineer. 

 

Regardless of the floor slab system selected, it may be appropriate to provide a sealed 

polyethylene vapor barrier between the new floor slab and granular drainage materials to 

reduce moisture infiltration. The decision to place a vapor barrier in direct contact with the slab 

or beneath the layer of granular fill should be made by the design engineer after considering the 

moisture sensitivity of new flooring materials or finishes and installed per the current American 

Concrete Institute standards and recommendations. Because the long-term performance of the 

slab-on-grade will greatly depend on the minimizing moisture variations in the subgrade soils, 

the recommendations provided in Section 5.3 should be followed.  

 

6.5. BUOYANCY 
Buoyancy, or buoyant uplift, is caused by burial of a structure below the groundwater level. If the 

dead weight of the structures proposed is not sufficient to counteract buoyant uplift, additional 

resistance may be achieved by extension of mat foundations or spread footings to engage the 

weight of the surrounding soil wedge. The soil wedge providing resistance on this extended 

foundation can be assumed to be a 12-degree angle from the vertical axis projected from the 

bottom exterior edge of the foundation element to the ground surface. A unit weight of 125 pcf 

may be used for the soil wedge if the buoyant force on the structure includes the weight of water 

displaced by the soil wedge. If the buoyant force on the structure does not include the weight of 

water displaced by the soil wedge, then a unit weight of 60 pcf should be used. 

 

Deep foundations should be considered if buoyancy forces cannot be resisted with the dead 

weight of the structures or by engaging the surrounding soil wedge.  

 

6.6. LATERAL EARTH PRESSURES 
Below grade walls should be designed utilizing the lateral earth pressures provided in this 

section. The parameters below are based on the understanding that the retained soils will be 

similar in composition to the on-site soils encountered during this exploration. 

 

Site retaining wall foundations should extend to below frost depth and should be founded on at 

least 3 feet of structural fill placed in accordance with Sections 5.1 and 5.2. Retaining wall 

foundations should be designed for a maximum net allowable soil bearing pressure of 

approximately 2,500 psf. 

 

The "at-rest" condition assumes no wall rotation or deflection and would be applicable for walls 

which are rigidly restrained at the top, such as basement walls. Walls that are not restrained at 
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the top and are free to deflect or rotate slightly may be designed for "active" earth pressure 

conditions. The "passive" earth pressure condition should be used to evaluate the resistance of 

soil to lateral loads. The table below presents recommended values of earth pressure 

coefficients and equivalent fluid density. The drained condition values provided assume that 

positive drainage is present to prevent hydrostatic forces from developing behind the wall.  

 

Table 6.6.1: Earth Pressure Parameters  

Condition Earth Pressure Coefficient 

Equivalent Fluid Density* 

Moist Condition Saturated Condition** 

Active (Ka) 

Imported Low plasticity, 

cohesive soils 

0.36 45 pcf 85 pcf 

Native 

clay/claystone/sandstone 

Materials 

0.39 50 pcf 90 pcf 

Granular backfill material 0.31 40 pcf 80 pcf 

At Rest (K0) 

Low plasticity, cohesive soils 0.53 65 pcf 95 pcf 

Native 

clay/claystone/sandstone 

Materials 

0.56 70 pcf 100 pcf 

Granular backfill material 0.47 60 pcf 90 pcf 

Passive (Kp) 

Low plasticity, cohesive soils 2.77 330 pcf 250 pcf 

Native 

clay/claystone/sandstone 

Materials 

2.56 310 pcf 235 pcf 

Granular backfill material 3.25 390 pcf 265 pcf 

*Assumed level backfill. 

**Saturated conditions account for groundwater up to the top of the wall. If groundwater is expected to raise above 

the wall, adjustments will need to be made. 

 

These design recommendations are based on the following assumptions: 

• For active earth pressure, the wall must rotate out about its base with top lateral 

movements 0.002 Z to 0.004 Z (granular) or 0.010 Z to 0.020 Z (clays), where Z is wall 

height. This is necessary to allow the active condition to develop. 

• For passive earth pressure, the wall must rotate in about its base with top lateral 

movements 0.020 Z to 0.060 Z (granular) or 0.020 Z to 0.040 Z (clays), where Z is wall 

height. This is necessary to allow the passive condition to develop. 

• Drained conditions require the walls have a permanent drainage system behind the wall 

that will prevent hydrostatic pressure from developing. Moisture collected in the drain 

system should be collected in a sump pit and pumped away from the structure or 
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daylight to a location that will gravity drain. If permanent drainage is not provided, 

undrained conditions and hydrostatic pressures should be used for design. 

• The soil parameters provided above assume the backfill is level with the top of the wall. 

If a sloping backfill is utilized, the parameters will need to be reevaluated. In addition to a 

sloping backfill, the walls should be designed to resist surcharge loads, including nearby 

shallow foundations or other concentrated load components and traffic loads. Passive 

pressures are typically lower if the ground surface slopes downward away from the face 

of the wall. 

• Backfill soils placed within the height of the retained wall should consist of well 

compacted selected granular soils or low-plasticity non-expansive cohesive soils. On-

site overburden soils placed within the height of the retained wall consisting of non-

expansive cohesive soils should be tested to verify these soils exhibit low plasticity and 

can achieve a minimum friction angle of 28 degrees and a unit weight of 120 pcf. 

Backfilled granular materials should have a minimum friction angle of 32 degrees and a 

unit weight of 120 pcf. For the granular values to be valid, the granular backfill must 

extend out from the base of the wall at an angle of at least 45 and 60 degrees from 

vertical for the active and passive cases, respectively. Fat clays and claystone fragments 

should not be used for retaining wall backfill. 

• Passive resistance against horizontal movement within the frost zone of 3 feet should be 

ignored. 

• Heavy equipment and other concentrated load components are not included. If heavy 

construction equipment is anticipated, the walls should be designed to resist surcharge 

loads, including any construction equipment load or traffic loads. 

• Factor of safety is not included. The designer should use appropriate factor of safety for 

design. 

• To calculate the resistance to sliding on native soil, a coefficient of friction value of 0.35 

should be used where the footing is supported by engineer approved bearing soil.  

 

To intercept infiltrating surface water behind the wall, we recommend a footing drain be installed 

at or slightly below the foundation level and/or weep holes be placed at regular intervals along 

the wall. The drain line invert should be below the finished subgrade elevation for the wall 

foundation. The drain line should be sloped to provide positive gravity drainage and should be 

surrounded by free-draining granular material graded to prevent the intrusion of fines, or an 

alternative free-draining granular material encapsulated with suitable filter fabric. A minimum 2-

foot wide section of free-draining granular fill should be used for backfill above the drain line and 

adjacent to the wall, and should extend to within 2 feet of final grade. The granular backfill 

should be capped with compacted cohesive fill to minimize infiltration of surface water into the 

drain system. 
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6.7. SEISMIC CLASSIFICATION 
For this project site, we recommend using a Site Class “C” (Very Dense Soil and Soft Rock profile) 

according to ASCE 7-10. This recommendation is based on the soils and bedrock conditions 

encountered in the borings during the exploration and our assumption that the encountered bedrock 

continue beyond the drilled depth to the full 100 feet. A seismic survey to 100 feet depth should be 

performed to verify a better site class. Site coefficients and spectral acceleration parameters for 

structural design are provided in Table 6.7.1 below for Site Class “B” and should be converted to 

Site Class “C” by the foundation designer accordingly. 

 

Table 6.7.1: Seismic Design Parameters 

Site 
Latitude 

(North) 

Longitude 

(West) 

2% in 50 Years ASCE-07 

Site Class 
Fa Fv 

SS S1 

Westminster WTP 39.87857 105.06195 0.186 0.059 C 1.2 1.7 

Notes: SS = 0.2 sec Mapped Spectral Acceleration (for Site Class B – foundation designer will need to adjust for 

class C) 

 S1 = 1.0 sec Mapped Spectral Acceleration (for Site Class B – foundation designer will need to adjust for 

class C) 

 Fa = Short Period Seismic Design Factors 

 Fv = Long Period Seismic Design Factors 

 SMS = The maximum considered earthquake spectral response for short period = Fa SS     

 SM1 = The maximum considered earthquake spectral response for 1-second period = Fv S1      

 SDS = Design spectral response acceleration for short period = 2/3 SMS 

 SD1 = Design spectral response acceleration for 1-second period =2/3 SM1 
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7. PAVEMENTS  

7.1. PAVEMENT SUBGRADE PREPARATION 
During our exploration, an R-value test was performed on materials collected from the center of 

the site at boring B-6 from an approximate depth of 1 to 5 feet which resulted in an R-value of “< 

5.” The City of Westminster requires that subgrade soils underlying the pavements with an R-

value less than 10 or Plasticity Index (PI) greater than 15 percent must be stabilized. 

 

Additionally, expansive soils with plasticity indices ranging from 17 to 36 percent were 

encountered across site, as discussed in Sections 3.2 and 4. The Colorado Department of 

Transportation 2020 Pavement Design Manual recommends that treatment of expansive soils 

with Plasticity Indices ranging from 30 to 40 percent should extend to depths of 4 feet below 

normal subgrade elevation to reduce probable swell damage risk. 

 

In order help reduce the risk of distress associated with expansive soils we recommend 

pavement areas be overexcavated at least 4 feet below planned aggregate base elevation and 

replaced with structural fill in accordance with Section 5.2. The base of the overexcavation 

should be prepared in accordance with Section 5.1. If overexcavation is required to improve 

unstable areas identified during proofrolling, aggregate base (CDOT Class 6 material) should be 

used as backfill instead of cohesive structural fill. We also recommend that the overexcavation 

and subgrade preparation extend a minimum of 2-feet outside the roadway surface to provide 

edge support. 

 

Shallow claystone bedrock was observed at various locations across the project site. If shallow 

bedrock is encountered during site grading or overexcavation of pavement areas, any 

excavated claystone fragments are not suitable for reuse as fill and should be removed from the 

site. 

 

It is important that the subgrade support be relatively uniform, with no abrupt changes in the 

degree of support. Non-uniform pavement support can occur at the transition from cut to fill 

areas, as a result of varying soil moisture contents or soil types, or where improperly placed 

utility backfill has been placed across or through areas to be paved. Improper subgrade 

preparation such as inadequate vegetation removal, failure to identify soft or unstable areas, 

and inadequate or improper compaction can also produce non-uniform subgrade support. 

 

Olsson should be present during subgrade preparation to observe, document, and test 

compaction of the materials at the time of placement. As recommended for all prepared soil 

subgrades, heavy, repetitive construction traffic should be controlled, especially during periods 
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of wet weather, to minimize disturbance. The final prepared subgrade should be proofrolled with 

a loaded dump truck, or similar rubber-tired equipment with a total weight of at least 20-tons, 

immediately prior to placement of new pavements. Proofrolling operations should be observed 

and documented by Olsson. Unstable or unsuitable soils revealed by proofrolling should be 

reworked to provide a stable subgrade or removed and replaced with structural fill. 

 

7.2. PAVEMENT DESIGN 
The pavement section recommended below has been developed using a minimum R-value of 

10, corresponding to a resilient modulus (MR)of 3,560 psi and modulus of subgrade reaction (kv) 

of 100 pci, was used for the subgrade soils assuming the subgrade preparation discussed in 

Section 7.1 is completed. Additional testing of the pavement subgrade should be performed to 

document that the minimum R-value is being achieved. 

 

For the heavy-duty pavement section, Olsson used the 18-kip Equivalent Single Axle Load 

(ESAL18) value of 134,000. For the standard duty pavement section, Olsson assumed an 18-kip 

Equivalent Single Axle Load (ESAL18) value of 25,000. ESAL values were calculated assuming 

the Phase II service traffic loads that were provided by CDM Smith and the City of Westminster. 

These pavement sections are not designed to accommodate increased traffic beyond the loads 

assumed in Table 1.3.2. Further, these loads and sections exclude any heavy construction 

traffic associated with future expansion of the facility. If the pavement sections below are 

exposed to traffic loads beyond those listed in Table 1.3.2, additional deflections, potentially 

significant cracking, and a decreased service life of the pavement should be expected.  

 

ESAL18 values calculated by Olsson were based on the respective traffic loadings referenced in 

Table 1.2, a personal vehicle split of half cars and half vans or trucks, a growth rate of 0.5%, 

AASHTO 1993 axle load equivalency factors, and a pavement design life of 20 years. 
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Table 7.2.1: Summary of Pavement Design Value Assumptions 

Design Assumptions Westminster WTP 

Equivalent Single Axle Loads (ESAL) – Heavy Duty 134,000 

Equivalent Single Axle Loads (ESAL) – Standard Duty 25,000 

Serviceability Index – Heavy Duty 2.5 

Serviceability Index – Standard Duty 2.0 

Reliability (percent) – Heavy Duty 90 

Reliability (percent) – Standard Duty 85 

Standard deviation, So 0.40 

Aggregate Base Course (ABC) Material CDOT Class 6 

ABC Minimum R-Value 70 

AASHTO Design Subbase Material Classification  A-4 or A-6 

Minimum R-Value – Subbase Soils Replaced as Structural Fill 10 

Subbase Design Resilient Modulus MR (psi) 3,560 

PCCP compressive strength of concrete (psi) 4,000 

PCCP concrete elastic modulus, Ec (psi) 3,600,000 

PCCP concrete modulus of rupture, S’c (psi) 569 

PCCP load transfer coefficient, J standard/heavy duty 4.0/2.7 

Drainage coefficient for PCCP 0.8 

 

Table 7.2.2:  Minimum Pavement Sections 

Standard Duty Pavement 

Hot Mix Asphalt (HMA) 

4.0 inches HMA 

7 inches Aggregate Base Course 

Structural Fill per Sections 5.2 and 7.1 

Prepared Subgrade per Section 5.1 

Portland Concrete Cement Pavement (JPCP) 

4.5 inches PCCP 

4 inches Aggregate Base Course 

Structural Fill per Sections 5.2 and 7.1 

Prepared Subgrade per Section 5.1 

Heavy Duty Pavement 

Hot Mix Asphalt (HMA) 

6 inches HMA 

6 inches Aggregate Base Course 

Structural Fill per Sections 5.2 and 7.1 

Prepared Subgrade per Section 5.1 

Portland Concrete Cement Pavement (PCCP) 

6 inches PCCP 

4 inches Aggregate Base Course 

Structural Fill per Sections 5.2 and 7.1 

Prepared Subgrade per Section 5.1 

Note: The aggregate base should consist of well graded sand and gravel conforming to CDOT Class 6 Aggregate 

Base material compacted per the Section 5.2. 
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Olsson recommends that rigid concrete pavement be used in areas designated for heavily 

loaded trucks, lanes, or concentrated lanes of repetitive traffic, or in non-designated areas that 

could experience turning truck traffic.  

 

The pavement sections provided above represent typical minimum thicknesses assuming 

routine maintenance. Routine maintenance of HMA (Hot Mix Asphalt) pavement typically 

consists of periodic seal coats and possibly one intermediate mill in addition to regular crack 

maintenance. Routine maintenance of PCCP (Portland Cement Concrete Pavement) typically 

involves regular crack maintenance. The performance of pavements will be dependent upon 

several factors, including subgrade conditions at the time of paving, rainwater runoff, and traffic.  

 

Rainwater runoff should not be allowed to seep below pavements from adjacent areas. The 

thickness of the aggregate base (compacted Class 6 material) should be uniform, and the 

pavement subgrade should be graded to provide positive drainage of the granular base section. 

The granular section should be graded to adjacent storm sewer inlets and provisions should be 

made to provide drainage from the granular section into the storm sewer. Pavement surfaces 

should be sloped approximately 1/4 inch per foot to provide rapid surface drainage. Proper 

drainage below the surface layer helps prevent softening of the subgrade and has a significant 

impact on pavement performance. 

 

7.3. CHEMICAL STABILIZATION 
Chemical treatment is a process of adding specific admixtures such as lime-fly ash, lime, 

cement, or other proprietary mixture to the native soils in order to change the expansive lattice 

structure of the materials which can result in reduced swell potential, lower plasticity, and 

possibly increased strength. Due to the sulfate content greater than 0.34 percent by mass 

encountered in the shallow clay material at boring B-16, exclusive use of lime or cement is not 

recommended. A sulfate content of this magnitude classifies the material as being moderate risk 

for adverse reaction with lime material. Ettringite crystals may form, which are typically 

accompanied by expansive reactions and can result in differential heave. Class C lime-fly ash 

(LFA) could be considered to reduce swell potentials and swell pressures if the process is 

carried out properly.  

 

Mix design testing should be performed to determine the LFA content necessary to achieve an 

acceptable swell risk. For estimation purposes, we anticipate a LFA mix content in the 15-20 

percent range would achieve acceptable swell reduction as recommended in Section 5.2. Fly 

ash may reduce swell potential but will not completely eliminate it and the performance of 

chemical stabilization will greatly depend on the proper application of the admixtures and 

processing of the materials during construction. 
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If chemical stabilization is utilized, Olsson recommends using a contractor familiar with the 

process, experience processing/treating claystone in Colorado, and have references to support 

their experience. Extended swell tests should be considered to help determine the potential for 

the formation of ettringite crystals. Controlling additional moisture post-construction from 

infiltrating the stabilized material can help reduce the risk of ettringite crystal formation. Olsson 

should be onsite to observe the mixing process and obtain additional samples for swell testing 

to document that the target swell reductions are being achieved.  
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8. LIMITATIONS  
The conclusions and recommendations presented in this report are based on the information 

available regarding the proposed construction, the results obtained from our soil test borings 

and sampling procedures, the results of the laboratory testing program, and our experience with 

similar projects. The soil test borings represent a very small statistical sampling of subsurface 

soils and it is possible that conditions may be encountered during construction that are 

substantially different from those indicated by the soil test borings. In these instances, 

adjustments to design and construction may be necessary. This geotechnical report is based on 

the site plan and information provided to Olsson and our understanding of the project as noted 

in this report. Changes in the location or design of new structures and/or pavements could 

significantly affect the conclusions and recommendations presented in this geotechnical report. 

Olsson should be contacted in the event of such changes to determine if the recommendations 

of this report remain appropriate for the revised site design.  

 

This report was prepared under the direction and supervision of a Professional Engineer 

registered in the State of Colorado with the firm of Olsson. The conclusions and 

recommendations contained herein are based on generally accepted professional geotechnical 

engineering practices at the time of this report within this geographic area. No other warranty is 

expressed, intended, or made. This report has been prepared for the exclusive use of CDM 

Smith and their authorized representatives for specific application to the proposed project. 
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APPENDIX A 
Boring Location Map
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APPENDIX B 
Boring Logs



SYMBOLS AND NOMENCLATURE 

DRILLING NOTES 

DRILLING AND SAMPLING SYMBOLS 

SS: Split-Spoon Sample (1.375” ID, 2.0” OD) HSA: Hollow Stem Auger NE: Not Encountered 
U: Thin-Walled Tube Sample (3.0” OD) CFA: Continuous Flight Auger NP: Not Performed 
CS: Continuous Sample  HA: Hand Auger NA: Not Applicable 
BS: Bulk Sample CPT: Cone Penetration Test % Rec: Percent of Recovery 
MC:    Modified California Sampler  WB: Wash Bore WD: While Drilling 
GB: Grab Sample  FT: Fish Tail Bit IAD: Immediately After Drilling 
SPT:   Standard Penetration Test Blows per 6.0” RB: Rock Bit AD: After Drilling 

CI: Cave-In 
DRILLING PROCEDURES 
Soil samples designated as “U” samples on the boring logs were obtained in using Thin-Walled Tube Sampling techniques. Soil 
samples designated as “SS” samples were obtained during Penetration Test using a Split-Spoon Barrel sampler. The standard 
penetration resistance ‘N’ value is the number of blows of a 140 pound hammer falling 30 inches to drive the Split-Spoon sampler 
one foot. Soil samples designated as “MC” were obtained in using Thick-Walled, Ring-Lined, Split-Barrel Drive sampling 
techniques. Recovered samples were sealed in containers, labeled, and protected for transportation to the laboratory for testing. 

WATER LEVEL MEASUREMENTS 
Water levels indicated on the boring logs are levels measured in the borings at the times indicated.  In relatively high permeable 
materials, the indicated levels may reflect the location of groundwater.  In low permeability soils, the accurate determination of 
groundwater levels is not possible with only short-term observations. 

SOIL PROPERTIES & DESCRIPTIONS 

Descriptions of the soils encountered in the soil test borings were prepared using Visual-Manual Procedures for Descriptions and 
Identification of Soils.   

PARTICLE SIZE 
Boulders 12 in. + Coarse Sand 4.75mm-2.0mm  Silt 0.075mm-0.005mm 
Cobbles 12 in.-3 in. Medium Sand 2.0mm-0.425mm  Clay <0.005mm 
Gravel 3 in.-4.75mm  Fine Sand 0.425mm-0.075mm 

 COHESIVE SOILS  COHESIONLESS SOILS  COMPONENT % 
 Unconfined Compressive 

Consistency  Strength (Qu) (tsf)  Relative Density  ‘N’ Value  Description  Percent (%) 
Very Soft  <0.25   Very Loose  0 – 3  Trace  <5 
Soft   0.25 – 0.5   Loose       4 – 9  Few  5 - 10 
Firm  0.5 – 1.0   Medium Dense     10 – 29  Little  15 - 25 
Stiff   1.0 – 2.0   Dense       30 – 49  Some  30 - 45 
Very Stiff  2.0 – 4.0   Very Dense ≥ 50  Mostly  50 - 100 
Hard  > 4.0 

 PLASTICITY CHART  ROCK QUALITY DESIGNATION (RQD) 

 Description  RQD (%) 
 Very Poor  0 – 25 
 Poor  25 – 50 
 Fair  50 – 75 
 Good  75 – 90 
 Excellent  90 – 100 

PP:       Pocket Penetrometer
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SILTY SANDS, SAND - SILT
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CLAYEY SANDS, SAND - CLAY
MIXTURES

INORGANIC SILTS AND VERY FINE
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CLAYEY FINE SANDS OR CLAYEY
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15.2

22.9

103.9

99.6

9-12-11
N=23

12-16

2-5-7
N=12

8-12

9-18-15
N=33

9-18

29-50/2"

ROOT ZONE

6 inches of organic rich clay
LEAN TO FAT CLAY

with sand, very stiff, brown with white lensing,
moist (CL/CH)
FAT CLAY

with sand, very stiff, brown with white lensing,
moist (CH)

grades to stiff, with trace gravel

CLAYSTONE

slightly weathered, yellowish light brown with small
oxidation lenses, moist

grades to moderately weathered, with organic
lesning

grades to slightly weathered

SANDSTONE

poorly cemented, brownish yellow, moist

PP = >4.5

Swell (500 psf
surcharge):

3.2%PP = >4.5

PP = >4.5

Swell (1000 psf
surcharge):

1.2%PP = 4.0

PP = >4.5

PP = >4.5

PP = 2.0

0.5'

2.5'

9.0'

24.0'

27.0'
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MC
8

SS
9

MC
10
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11

NR
12

22.6 94.4

50/2"

50

33-50/4"

50/2"

50/1"

SANDSTONE

poorly cemented, brownish yellow, moist

grades to with large sandstone fragments in
matrix

CLAYSTONE

moderately weathered, yellowish brown, wet

grades to slightly weathered

grades to highly weathered, sandy, bluish gray

BASE OF BORING AT 49.1 FEET

PP = 4.0

PP = >4.5

PP = 3.0

34.0'

49.1'

M. ALMAND
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DRILL CO.:
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METHOD:
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8/28/20

VINE LABS
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8.2

MC
1

SS
2
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3
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4
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5

SS
6

MC
7

CL 40/2518.9

17.2

15.8

110.3

6-10

8-9-8
N=17

3-9

6-8-10
N=18

12-17

16-50/4"

23-27

ROOT ZONE

6 inches of organic rich clay
LEAN TO FAT CLAY

with sand, medium dense, light brown with white
lensing, moist (CL/CH)

CLAYSTONE

slightly weathered, brownish gray with oxidation
lensing, moist

grades to with white crystallization lesning

grades to with black organic inclusions

SANDSTONE

moderately cemented, slightly weathered, yellow
brown, moist

PP = >4.5

PP = >4.5

P-200 = 64.1%
PP = >4.5

PP = 4.5

PP = >4.5

PP = >4.5

PP = >4.5

0.5'

6.0'

19.0'

27.0'

M. ALMAND
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DRILL CO.:

DRILLER:

METHOD:

VINE LABS
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SS
8

MC
9

SS
10

MC
11

SS
12

28.8

23-50

50/5"

18-50

50

50/3"

SANDSTONE

moderately cemented, slightly weathered, yellow
brown, moist

CLAYSTONE

slightly weathered, blocky, dark gray, moist

grades to bluish gray

BASE OF BORING AT 49.3 FEET

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

39.0'

49.3'
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MC
1

SS
2

MC
3

SS
4

MC
5

SS
6

MC
7

10.5

4.6

8-10

8-8-10
N=18

10-14

8-8-8
N=16

18-22

27-50

15-50/5"

ROOT ZONE

6 inches of organic rich clay
LEAN TO FAT CLAY

with sand, very stiff, light brown with white lensing,
moist (CL/CH)

grades to with trace gravel

SANDSTONE

moderately cemented, yellowish brown, moist

grades to whitish yellow

CLAYSTONE

moderately weathered, yellow brown, moist

grades to slightly weathered, with oxidation
lensing and organic inclusions

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

0.5'

9.0'

19.0'

27.0'

M. ALMAND
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DRILL CO.:

DRILLER:

METHOD:

VINE LABS
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CONTINUOUS FLIGHT AUGER

U
N

C
. 

S
T

R
.

(t
sf

)

D
E

P
T

H
(f

t)

0

5

10

15

20

25

S
A

M
P

L
E

 T
Y

P
E

N
U

M
B

E
R

C
L

A
S

S
IF

IC
A

T
IO

N
(U

S
C

S
)

L
L

/P
I

(%
)

M
O

IS
T

U
R

E
(%

)

: X: 3123246 Y: 1745350

APPROX. SURFACE ELEV. (ft): 5350.5

OLSSON, INC.
5180 SMITH ROAD

DENVER, COLORADO 80216

BOREHOLE REPORT NO.  B-5

D
R

Y
 D

E
N

S
IT

Y
(p

cf
)

G
R

A
P

H
IC

L
O

G

E
L

E
V

A
T

IO
N

(f
t)

5350

5345

5340

5335

5330

5325

WATER LEVEL OBSERVATIONS

40.0 ft

38.6 ft

Not Performed

ATV

8/27/20FINISHED:

DRILL RIG:

LOGGED BY:

Westminster Water 2025 Final

CONTINUED NEXT PAGE

Modified California
Sampler Split Spoon

WD

IAD

AD

Sheet 1 of 2

PROJECT NUMBER LOCATION

019-1378

B
L

O
W

S
/6

"
N

-V
A

L
U

E

PROJECT NAME CLIENT

CDM Smith

Westminster, Colorado

MATERIAL DESCRIPTION

ADDITIONAL
DATA/

REMARKS



SS
8
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9
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10
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11

SS
12

26.4

16.0 102.0

8-14-23
N=37

27-50/3"

50

50

27-50/3"

CLAYSTONE

slightly weathered, organish brown with oxidation
lensing and organic inclusions, moist

grades to highly weathered, wet

grades to sandy, bluish gray, moist

grades to moderately weathered
BASE OF BORING AT 49.8 FEET

PP = >4.5

PP = >4.5

PP = >4.5

49.8'

M. ALMAND

STARTED:

DRILL CO.:

DRILLER:

METHOD:

VINE LABS
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3.8

SS
1

MC
2

SS
3
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4
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5

MC
6

SS
7

10.0

8.2

9.4

21.9

17.4

110.1

113.9

6-6-9
N=15

7-11

7-7-7
N=14

6-20

6-9-10
N=19

5-15

10-50

ROOT ZONE

4 inches of organic rich clay
LEAN CLAY

with sand and trace silt, stiff, light brown with white
lensing, moist (CL/CH)
LEAN TO FAT CLAY

with sand and trace silt, stiff, light brown with white
lensing, moist (CL/CH)

grades to very stiff
SANDSTONE

moderately cemented, with trace gravel, yellow
brown, moist

CLAYSTONE

slightly weathered, with oxidation lensing,
yellowish light brown, moist

grades to gray

SANDSTONE

moderately cemented, yellow brown, moist

PP = >4.5

Swell (500 psf
surcharge):

2.1%PP = >4.5

P-200 = 35.4%
PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = 3.0

0.3'

2.5'

6.0'

14.5'

24.0'

27.0'
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MC
8

SS
9

MC
10

SS
11

MC
12

18.8

50

12-22-28
N=50

50

21-50

50/4"

SANDSTONE

moderately cemented, yellow brown, moist

CLAYSTONE

slightly weathered, brown with oxidation and
organic or lignite lensing,  moist

grades to moderately weathered, gray, moist

grades to slightly weathered

grades to moderately weathered
BASE OF BORING AT 49.3 FEET

PP = 4.0

PP = >4.5

PP = >4.5

34.0'

49.3'

M. ALMAND
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DRILL CO.:
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METHOD:
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4
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5
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6

MC
7

12.9

17.0

16.2

115.3

104.9

107.9

6-12

6-7-7
N=14

11-17

6-14-11
N=25

12-50/3"

50

11-17

ROOT ZONE

6 inches of organic rich clay
FAT CLAY

with sand, very stiff, light brown with white lensing,
moist (CH)

grades to stiff

CLAYSTONE

slightly weathered, yellowish gray with white
lensing, moist

grades to with organic inclusions
SANDSTONE

moderately cemented, with gravel in matrix, yellow
brown, moist

grades to with oxidation lensing, whitish yellow

CLAYSTONE

slightly weathered, grayish brown, moist

Swell (150 psf
surcharge):

6.2%PP = >4.5

PP = >4.5

Swell (500 psf
surcharge):

6.2%PP = >4.5

PP = >4.5

PP = >4.5

PP = 3.0

PP = >4.5
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8
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9
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10

MC
11

SS
12

27.910-12-16
N=28

11-20

10-12-16
N=28

50/2"

50/3"

CLAYSTONE

slightly weathered, grayish brown with oxidation
lensing and organic or lignite lensing, moist

SANDSTONE

moderately cemented, yellow brown, wet

CLAYSTONE

highly weathered, sandy, gray, wet

BASE OF BORING AT 49.3 FEET

PP = >4.5

PP = >4.5

PP = 3.0

PP = 1.5
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44.0'

49.3'
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40/23

7.3

23.5

22.6

118.3

103.7

12-16-16
N=32

12-17

3-2-5
N=7

8-50

9-11-15
N=26

18-32

8-9-13
N=22

ROOT ZONE

6 inches of organic rich clay
LEAN CLAY

with sand, hard, brown, moist (CL)

CLAYSTONE

slightly weathered, yellow brown, moist

SANDSTONE

moderately cemented, yellow brown, moist

CLAYSTONE

moderately weathered, with sand, brownish gray
with oxidation lensing and organic or lignite
inclusions, moist

PP = >4.5

PP = >4.5

PP = 1.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

0.5'

7.0'
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14.0'

27.0'
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MC
8

SS
9

MC
10

SS
11

MC
12

16-50/4"

23-50/3"

21-28

50

50/4"

CLAYSTONE

moderately weathered, with sand, brownish gray
with oxidation lensing and organic or lignite
inclusions, moist

grades to wet

grades to dark gray, increased sand content

BASE OF BORING AT 49.3 FEET

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.549.3'

M. ALMAND

STARTED:
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METHOD:
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7.9

2.6

SS
1
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3
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4
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5
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6

SS
7

12.8

12.5

108.0

108.5

7-6-6
N=12

9-11

15-16-17
N=33

12-50

50

15-50/4"

7-10-15
N=25

ROOT ZONE

6 inches of organic rich clay
LEAN CLAY

with sand, stiff, light brown, moist (CL)

grades to very stiff

SANDSTONE

moderately cemented, orangish brown, moist

grades to with small sandstone fragments in
matrix

CLAYSTONE

slightly weathered, with small oxidation lenses,
yellow brown, moist

grades to with organic or lignite inclusions

PP = >4.5

PP = >4.5

PP = >4.5

PP = 3.25

PP = >4.5

PP = >4.5

0.5'

6.0'

20.0'

27.0'

M. ALMAND
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MC
8

SS
9

MC
10

SS
11

MC
12

14-26

50/5"

50

50/2"

50/4"

CLAYSTONE

slightly weathered, yellow brown with small
oxidation lenses and organic or lignite inclusions,
moist

6 inch sandstone lense noted

SANDSTONE

poorly cemented, with oxidation lensing, orangish
brown, moist

CLAYSTONE

highly weathered, sandy, bluish gray, moist

BASE OF BORING AT 49.3 FEET

PP = >4.5

PP = 1.75

PP = >4.5

39.0'

44.0'

49.3'

M. ALMAND
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SS
1
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3
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6
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7

CL 44/3011.7

12.9

22.4

6-8-8
N=16

8-12

7-10-11
N=21

9-18

6-9-13
N=22

10-29

6-10-15
N=25

ROOT ZONE

6 inches of organic rich clay
SANDY CLAY

very stiff, brown with white lensing, moist (CL)

CLAYEY SAND

medium dense, brown with white lensing, moist
(SC)

SANDSTONE

poorly cemented, with small oxidation lenses,
whitish brown, moist

CLAYSTONE

slightly weathered, tan with oxidation and organic
or lignite lensing, moist

grades to yellowish brown

P-200 = 50.8%
PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5
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9.0'
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MC
8

SS
9

MC
10

SS
11

MC
12

14.250/5"

10-20-20
N=40

50/5"

21-50/5"

50/4"

CLAYSTONE

slightly weathered, yellowish brown with oxidation
and organic or lignite lensing, moist
SANDSTONE

poorly cemented, yellow orange, with oxidation
lensing, moist

grades to moderately cemented

grades to gray

CLAYSTONE

moderately to highly weathered, sandy, thinly
bedded, gray, moist

BASE OF BORING AT 49.3 FEET

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

29.0'

44.0'

49.3'

M. ALMAND

STARTED:
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MC
1

SS
2

MC
3
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4
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5

SS
6

MC
7

14.7

24.9

108.5

8-10

2-2-8
N=10

22-24

17-11-9
N=20

18-32

11-12-14
N=26

15-50/4"

ROOT ZONE

6 inches of organic rich clay
LEAN CLAY

with sand and gravel, very stiff, brown, moist (CL)

SANDSTONE

poorly cemented, light brown, moist
CLAYSTONE

moderately weathered, with gravel in matrix,
brown, moist

SANDSTONE

poorly cemented, orangish brown, moist
CLAYSTONE

slightly weathered, gray brown with oxidation
lensing, moist

SANDSTONE

moderately cemented, yellowish brown with
oxidation lensing, moist

CLAYSTONE

moderately weathered, brownish gray with
oxidation lensing, moist

grades to slightly weathered

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

0.5'

4.8'

6.0'

9.0'

10.0'

14.5'
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27.0'
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SS
8
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9
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10

MC
11
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12

18.415-50/4"

15-50/5"

50

50/3"

50/4"

CLAYSTONE

slightly weathered, brownish gray with oxidation
lensing, moist

grades to moderately weathered

grades to highly weathered, sandy, gray

BASE OF BORING AT 49.3 FEET

PP = 2.75

PP = >4.5

PP = >4.549.3'
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MC
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3
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4
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5

SS
6

MC
7

37/21

22.1 100.9

9-9

6-8-5
N=13

6-10

7-11-13
N=24

7-19

14-22-28
N=50

9-23

TOPSOIL

6 inches of organic rich clay
LEAN CLAY

with sand, trace silt and white lensing, very stiff,
light brown, moist (CL)

grades to with trace gravel

CLAYSTONE

highly weathered, sandy, yellowish brown, moist

grades to with oxidation lensing

grades to yellowish gray, blocky

grades to moderately weathered, with trace
organic or lignite lensing

PP = >4.5

PP = >4.5

PP = >4.5

PP = >4.5

PP = 4.0

PP = >4.5

PP = >4.5
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SS
8

MC
9

SS
10

MC
11

SS
12

20.5

21-20-
50/1"

14-34

11-16-20
N=36

50/4"

50/5"

CLAYSTONE

slightly weathered, sandy, yellowish gray, blocky
texture, moist

grades to grayish brown, slightly weathered

grades to light gray

grades to highly weathered, increased sand
content

BASE OF BORING AT 49.4 FEET

PP = >4.5

PP = >4.5

PP = >4.5

PP = 4.0

PP = 2.7549.4'

M. ALMAND
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MC
1

SS
2

MC
3

SS
4

8.2 95.812-9

7-10-11
N=21

6-12

9-12-17
N=29

ROOT ZONE

3 inches of organic rich sandy clay
LEAN CLAY

with white lensing, very stiff, brown, moist (CL)
SANDY CLAY

with white lensing, very stiff, brown, moist (CL)

Drillers Note: Harder drilling
CLAYSTONE

highly weathered, tan, moist
BASE OF BORING AT 10.5 FEET

Swell (200 psf
surcharge):

-0.4%PP = 4.5+

PP = 4.5+

PP = 4.5+

PP = 4.5+

0.3'

2.5'

9.0'

10.5'

M. ALMAND
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SS
1

MC
2

SS
3

MC
4

CL 40/237.7

6.2 107.2

8-8-7
N=15

9-10

8-10-15
N=25

12-19

SANDY CLAY

lean clay, with large white lensing, stiff, brown,
moist (CL)

Drillers Note: Harder drilling
CLAYSTONE

moderately weathered, with white lensing and
organic inclusions, tan, moist

grades to slightly weathered
BASE OF BORING AT 10.0 FEET

P-200 = 65.4%
PP = 4.5+

Swell (200 psf
surcharge):

-0.2%PP = 4.5+

PP = 4.5+

PP = 4.5+

6.0'

10.0'

M. ALMAND

STARTED:

DRILL CO.:

DRILLER:

METHOD:

VINE LABS

2/16/21

VINE LABS

CONTINUOUS FLIGHT AUGER
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MC
1
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2

MC
3
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4

MC
5

SS
6

17.5

18.2

17.6

104.8

9-11

7-7-7
N=14

8-14

8-12-13
N=25

12-21

16-29-50
N=79

ROOT ZONE

2 inches of organic rich sandy clay
LEAN CLAY

stiff, brown, moist (CL)
SANDY CLAY

with white lensing, stiff, brown, moist (CL)

grades to with white lensing

CLAYSTONE

slightly weathered, with trace oxidation lensing,
brown, moist

grades to with white crystallization lensing

Drillers Note: Harder drilling

grades to without white crystallization lensing,
blocky

SANDSTONE

 moderately cemented, with oxidation lensing,
tannish brown, moist

BASE OF BORING AT 20.5 FEET

PP = 4.5+

PP = 4.5+

Swell (500 psf
surcharge):

1.75%PP = 4.5+

PP = 4.5+

PP = 4.5+

0.2'

2.5'

6.0'

19.0'

20.5'

M. ALMAND

STARTED:

DRILL CO.:

DRILLER:

METHOD:

VINE LABS
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MC
1

MC
2

SS
3

MC
4

48/30

15.9

17.1

20.8

112.17-9

4-3

7-10-14
N=24

19-19

ROOT ZONE

3 inches of organic rich sandy clay
LEAN CLAY

with white lensing and trace sand, with trace
organics, stiff, brown, moist (CL)
LEAN TO FAT CLAY

with white lensing and sand, stiff, brown, moist
(CL/CH)

Drillers Note: Harder drilling
SANDSTONE

moderately cemented, orangish brown, moist

grades to with white lensing
BASE OF BORING AT 10.0 FEET

Swell (200 psf
surcharge):

1.73%PP = 3.5

PP = 2.5

0.3'

2.5'

6.0'

10.0'

M. ALMAND

STARTED:

DRILL CO.:

DRILLER:

METHOD:

VINE LABS

2/16/21

VINE LABS

CONTINUOUS FLIGHT AUGER
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6
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7

56/3512.7

16.8

15.4

108.3

9-9-9
N=18

9-14

12-15-20
N=35

10-37

14-22-21
N=43

12-18

14-21-21
N=42

ROOT ZONE

3 inches of organic rich sandy clay
FAT CLAY

with white lensing and sand, very stiff, brown,
moist (CH)

SANDSTONE

moderately cemented, orangish brown, moist
CLAYSTONE

sandy, slightly weathered, tannish gray, moist

SANDSTONE

moderately cemented, orangish brown, moist

CLAYSTONE

slightly weathered, with oxidation lenses and
organic inclusions, tannish gray, moist

grades to without organic inclusions

PP = 4.5+

PP = 4.5+

PP = 4.5+

Swell (500 psf
surcharge):

-0.05%

PP = 4.5+

PP = 4.5+

0.3'

6.0'

7.0'

10.0'

15.5'

27.0'

M. ALMAND

STARTED:

DRILL CO.:

DRILLER:

METHOD:

VINE LABS
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MC
8 28-34

CLAYSTONE

slightly weathered, with oxidation lenses, tannish
gray, moist

grades to with organic inclusions
BASE OF BORING AT 30.0 FEET

PP = 4.5+30.0'

M. ALMAND
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DRILL CO.:
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6

MC
7

41/23

7.8

11.6

25.7

101.4

10-9-9
N=18

9-10

10-12

10-11-14
N=25

10-19

9-11-16
N=27

11-50

ROOT ZONE

5 inches of organic rich sandy clay
SANDY CLAY

lean clay, with white lensing, very stiff, brown,
moist (CL)

Drillers Note: Harder drilling

CLAYSTONE

slightly weathered, blocky, tannish gray, moist

.5 inch sandstone layer

SANDSTONE

moderately cemented, orangish brown, moist

PP = 4.5+

Swell (500 psf
surcharge):
-0.15%PP =

4.5+

PP = 4.5+

PP = 4.5+

PP = 4.5+

0.4'

14.0'

24.0'

27.0'

M. ALMAND

STARTED:

DRILL CO.:

DRILLER:

METHOD:

VINE LABS
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SS
8 27-50

SANDSTONE

moderately cemented, orangish brown, moist

BASE OF BORING AT 30.0 FEET
30.0'

M. ALMAND

STARTED:

DRILL CO.:

DRILLER:

METHOD:

VINE LABS
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SS
1

MC
2
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3
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4

SS
5

61/34

16.4 111.8

5-8-10
N=18

12-27

21-38-
50/5"

34-50/4"

10-16-18
N=34

ROOT ZONE

3 inches of organic rich sandy clay
SANDY CLAY

fat clay, brown, very stiff, moist (CH)

CLAYSTONE

slightly weathered, with oxidation lensing and
white lensing, tan, moist

grades to highly weathered, with black organic
inclusions

SANDSTONE

moderately cemented, with oxidation lensing,
yellowish tan, moist

grades to orangish brown

CLAYSTONE

slightly weathered, with oxidation lensing, tannish
brown, moist

PP = 4.5+

PP = 4.5+

PP = 4.5+

0.3'

3.5'

14.0'

24.0'

27.0'
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MC
6

SS
7

MC
8

SS
9

MC
10

16.3 114.620-39

11-16-21
N=37

50/5"

49-50/3"

50/4"

CLAYSTONE

slightly weathered, with oxidation lensing, tannish
brown, moist

grades to blocky, slightly fractured, tannish gray

SANDSTONE

moderately cemented, yellowish brown, moist

grades to gray
BASE OF BORING AT 49.3 FEET

Swell (500 psf
surcharge):

4.65%PP = 4.5+

PP = 4.5+

39.0'

49.3'
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SS
1
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3

MC
4

SS
5

MC
6

SS
7

15.4

11.8

18.7

109.3

6-9-9
N=18

4-10

8-12-18
N=30

7-14

28-42-
50/3"

38-50/4"

34-50/4"

ROOT ZONE

3 inches of organic rich sandy clay
LEAN CLAY

with sand and white lensing, very stiff, brown,
moist (CL)
LEAN TO FAT CLAY

with sand and white lensing, very stiff, brown,
moist (CL/CH)

grades to stiff
CLAYSTONE

slightly weathered, with oxidation lensing and
white lensing, tan, moist

grades to without oxidation lensing or white
lensing

SANDSTONE

moderately cemented, orangish brown, moist

grades to with gray lensing

PP = 4.5+

Swell (500 psf
surcharge):

2.45%PP = 4.5+

PP = 4.5+

PP = 4.5+

0.3'

2.5'

6.0'

14.0'

27.0'
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DRILL CO.:
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MC
8

15-50/5.5"

SANDSTONE

moderately cemented, orangish brown, moist

BASE OF BORING AT 30.0 FEET
30.0'

M. ALMAND
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MC
1

SS
2

MC
3

MC
4

SS
5

24.9

17.9 108.7

9-15

6-7-9
N=16

10-39

9-20

10-13-18
N=31

ROOT ZONE

3 inches of organic rich sandy clay
LEAN CLAY

with sand, very stiff, yellowish brown, moist (CL)
LEAN TO FAT CLAY

with sand, very stiff, yellowish brown, moist
(CL/CH)

CLAYSTONE

slightly weathered, blocky, tan, moist

SANDSTONE

moderately cemented, orangish brown, moist

CLAYSTONE

slightly weathered, blocky, gray, moist

grades to with brownish black organic inclusions,
tannnish gray

PP = 4

PP = 4.5+

Swell (500 psf
surcharge):

2.16%PP = 4.5+

PP = 4.5+
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MC
6

SS
7

MC
8

SS
9

MC
10

16.3 112.138-50/1"

42-50/5"

50/3"

28-39-
50/5"

44-50/5"

CLAYSTONE

slightly weathered, with brownish black organic
inclusions, tannish gray, moist

grades to with oxidation lensing

SANDSTONE

with 2 inch gray lense, moderately cemented,
orangish brown, moist

CLAYSTONE

 slightly weathered, with gray inclusions, brown,
moist

grades to highly weathered, gray

grades to moderately weathered
BASE OF BORING AT 49.9 FEET

Swell (500 psf
surcharge):

0.4%PP = 4.5+

PP = 4.5+

PP = 4.5+

PP = 4.5+
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49.9'
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11.7

MC
1

SS
2

MC
3

SS
4

MC
5

SS
6

MC
7

19.5

15.5

102.0

10-12

17-15-13
N=28

9-10

7-9-9
N=18

12-17

23-35-
50/5"

50/5"

ROOT ZONE

sand/clay
SANDY CLAY

with white lensing, very stiff, tan, moist (CL)

SANDSTONE

moderately cemented, orangish brown, moist

CLAYSTONE

slightly weathered, with white lensing, tan, moist

grades to highly weathered

SANDSTONE

moderately cemented, orangish brown, moist

PP = 4.5+

Swell (500 psf
surcharge):

5.29%PP = 4.5+

PP = 4.5+

PP = 4.5+

0.2'

3.5'

6.0'

24.0'

27.0'
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SS
8

27-50/4"

SANDSTONE

moderately cemented, orangish brown, moist

BASE OF BORING AT 29.8 FEET
29.8'

M. ALMAND
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1.8

SS
1

MC
2

MC
3

SS
4

MC
5

SS
6

MC
7

11.0

14.5

18.8

104.1

85.6

106.6

6-7-8
N=15

7-10

3-9

8-12-14
N=26

13-22

9-11-13
N=24

22-50/4"

ROOT ZONE

loose sand/clay
SANDY CLAY

fat clay, with white lensing, stiff, dark brown, moist
(CH)

grades to with trace gravel, with tan and orange
spots
CLAYSTONE

slightly weathered, with white lensing and
oxidation lensing, tan, moist

grades to tannish gray

grades to without white lensing, tan

grades to yellowish brown

PP = 4.5+

Swell (200 psf
surcharge):

5.25%PP = 4.5+

P-200 = 66.6%
PP = 4.5+

PP = 4.5+

Swell (500 psf
surcharge):

3.16%PP = 4.5+

PP = 4.5+

PP = 4.5+
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SS
8

12-20-30
N=50

CLAYSTONE

slightly weathered, with oxidation lensing,
yellowish brown, moist

grades to blocky

BASE OF BORING AT 30.5 FEET

PP = 4.5+
30.5'
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APPENDIX C 
Lab Results



B-1 SS-3 6.0 - 7.5' 21.6 56 20 36

B-1 MC-4 9.0 - 10.0' 12.7 113.3 0.488 70.5 3.6 4.0

B-1 SS-7 24.0 - 25.5' 20.5

B-1 SS-9 34.0 - 35.5' 16.3

B-1 MC-12 49.0 - 49.3' 11.5

B-2 SS-3 6.0 - 7.5' 9.5 43.6

B-2 SS-5 14.0 - 15.5' 10.4

B-2 SS-9 34.0 - 35.0' 21.4

B-3 MC-2 3.5 - 4.5' 15.2 103.9 0.622 66.0

B-3 MC-4 9.0 - 10.0' 22.9 99.6 0.692 89.3

B-3 MC-10 39.0 - 39.8' 22.6 94.4 0.785 77.6

B-4 MC-3 6.0 - 7.0' 18.9 40 15 25 64.1 CL

B-4 MC-5 14.0 - 15.0' 17.2 110.3 0.528 87.8 8.2 4.6

B-4 SS-6 19.0 - 19.8' 15.8

B-4 SS-10 39.0 - 40.0' 28.8

B-5 SS-2 3.5 - 5.0' 10.5

B-5 MC-5 14.0 - 15.0' 4.6

B-5 SS-8 29.0 - 30.5' 26.4

B-5 MC-11 44.0 - 44.5' 16.0 102.0 0.653 66.3

B-6 MC-2 3.5 - 4.5' 10.0 110.1 0.531 50.9

B-6 SS-3 6.0 - 7.5' 8.2 35.4

B-6 MC-4 9.0 - 10.0' 9.4 113.9 0.480 52.6 3.8 3.6

B-6 MC-6 19.0 - 20.0' 21.9

B-6 SS-7 24.0 - 25.0' 17.4

B-6 SS-11 44.0 - 45.0' 18.8

B-7 MC-1 1.0 - 2.0' 12.9 115.3 0.462 75.4

B-7 MC-3 6.0 - 7.0' 17.0 104.9 0.607 75.6

B-7 MC-5 14.0 - 14.8' 16.2 107.9 0.562 77.7

B-7 SS-8 29.0 - 30.5' 27.9

B-8 SS-1 1.0 - 2.5' 40 17 23

STRAIN
(%)

ATTERBERG LIMITS

PLASTIC
LIMIT

SATURATION
(%)

VOID
RATIO

BORING
NUMBER

DRY
DENSITY

(pcf)

SAMPLE
DEPTH

(ft)
PLASTIC

INDEX
LIQUID
LIMIT

MOISTURE
CONTENT

(%)
SAMPLE

I.D.

SUMMARY OF LABORATORY RESULTS
PAGE  1  OF  3

USCS
CLASS.P-200

UNCONFINED
STRENGTH

(tsf)

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado



B-8 MC-2 3.5 - 4.5' 7.3 118.3 0.425 46.1 10.6 3.5

B-8 SS-5 14.0 - 15.5' 23.5

B-8 MC-6 19.0 - 20.0' 22.6 103.7 0.625 97.8

B-9 MC-2 3.5 - 4.5' 12.8 108.0 0.561 61.7 7.9 2.3

B-9 MC-6 19.0 - 19.8' 12.5 108.5 0.554 60.7 2.6 2.8

B-10 SS-1 1.0 - 2.5' 11.7 44 14 30 50.8 CL

B-10 MC-4 9.0 - 10.0' 12.9

B-10 SS-5 14.0 - 15.5' 22.4

B-10 MC-8 29.0 - 29.4' 14.2

B-11 MC-3 6.0 - 7.0' 14.7 108.5 0.554 71.9

B-11 SS-6 19.0 - 20.5' 24.9

B-11 SS-8 29.0 - 29.8' 18.4

B-12 SS-2 3.5 - 5.0' 37 16 21

B-12 MC-5 14.0 - 15.0' 22.1 100.9 0.671 89.0

B-12 SS-10 39.0 - 40.5' 20.5

B-13 MC-1 1.0 - 2.0' 8.2 95.8 0.759 29.2

B-14 SS-1 1.0 - 2.5' 7.7 40 17 23 65.4 CL

B-14 MC-2 3.5 - 4.5' 6.2 107.2 0.572 29.2

B-15 SS-2 3.5 - 5.0' 17.5

B-15 MC-3 6.0 - 7.0' 18.2 104.8 0.608 80.8

B-15 SS-6 19.0 - 20.5' 17.6

B-16 MC-1 1.0 - 2.0' 15.9 112.1 0.504 85.2

B-16 MC-2 3.5 - 4.5' 17.1 48 18 30

B-16 SS-3 6.0 - 7.5' 20.8

B-17 MC-2 3.5 - 4.5' 12.7 56 21 35

B-17 MC-4 9.0 - 10.0' 16.8 108.3 0.556 81.5

B-17 SS-7 24.0 - 25.5' 15.4

B-18 SS-1 1.0 - 2.5' 41 18 23

B-18 MC-2 3.5 - 4.5' 7.8 101.4 0.662 31.8

B-18 SS-4 9.0 - 10.5' 11.6

STRAIN
(%)

ATTERBERG LIMITS

PLASTIC
LIMIT

SATURATION
(%)

VOID
RATIO

BORING
NUMBER

DRY
DENSITY

(pcf)

SAMPLE
DEPTH

(ft)
PLASTIC

INDEX
LIQUID
LIMIT

MOISTURE
CONTENT

(%)
SAMPLE

I.D.

SUMMARY OF LABORATORY RESULTS
PAGE  2  OF  3

USCS
CLASS.P-200

UNCONFINED
STRENGTH

(tsf)

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado



B-18 SS-6 19.0 - 20.5' 25.7

B-19 SS-1 3.5 - 5.0' 61 27 34

B-19 MC-4 19.0 - 19.8' 16.4 111.8 0.508 87.3

B-19 MC-6 29.0 - 30.0' 16.3 114.6 0.471 93.5

B-20 SS-1 1.0 - 2.5' 15.4

B-20 MC-2 3.5 - 4.5' 11.8 109.3 0.542 58.8

B-20 SS-3 6.0 - 7.5' 18.7

B-21 SS-2 9.0 - 10.5' 24.9

B-21 MC-4 19.0 - 20.0' 17.9 108.7 0.551 87.8

B-21 MC-6 29.0 - 29.6' 16.3 112.1 0.504 87.4

B-22 MC-3 6.0 - 7.0' 19.5 102.0 0.653 80.6 11.7 5.7

B-22 SS-6 19.0 - 20.4' 15.5

B-23 MC-2 3.5 - 4.5' 11.0 104.1 0.619 48.0

B-23 MC-3 6.0 - 7.0' 14.5 85.6 0.969 40.5 1.8 3.3 66.6

B-23 MC-5 14.0 - 15.0' 18.8 106.6 0.581 87.3

STRAIN
(%)

ATTERBERG LIMITS

PLASTIC
LIMIT

SATURATION
(%)

VOID
RATIO

BORING
NUMBER

DRY
DENSITY

(pcf)

SAMPLE
DEPTH

(ft)
PLASTIC

INDEX
LIQUID
LIMIT

MOISTURE
CONTENT

(%)
SAMPLE

I.D.

SUMMARY OF LABORATORY RESULTS
PAGE  3  OF  3

USCS
CLASS.P-200

UNCONFINED
STRENGTH

(tsf)

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado
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Boring No.

B-2
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B-6
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Sample ID

3 4

Sample ID

SS-3

MC-3

SS-3

SS-1

SS-1

25

30

23

GRAIN SIZE DISTRIBUTION

D60 D30

140

PI Cc

15

14

17

CuLL PL

Clayey sand (SC)

Sandy Lean clay (CL)

Clayey sand (SC)

Sandy Lean clay (CL)

Sandy lean clay (CL)

SS-3

MC-3

SS-3

SS-1

SS-1

6.0 - 7.5'

6.0 - 7.5'

6.0 - 7.5'

1.0 - 2.5'

1.0 - 2.5'

COBBLES
GRAVEL

D100

Classification

63.4

3 100

B-2

B-4

B-6

B-10

B-14

2

0.075

0.075

4.75

0.075

0.075

0.295

SAND

43.6

64.1

35.4

50.8

65.4

GRAIN SIZE IN MILLIMETERS

coarse fine

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216
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%Sand %Silt %Clay

0.0

Boring No.
   

Depth (ft)

4 16 30
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

20 406 601.5 8 143/4 3/8
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Boring No.

B-23

Sample ID

3 4

Sample ID

MC-3

GRAIN SIZE DISTRIBUTION

D60 D30

140

PI Cc CuLL PL

Sandy lean clay (CL)MC-3 6.0 - 7.0'

COBBLES
GRAVEL

D100

Classification

33.4

3 100

B-23

2

4.75

SAND

66.6

GRAIN SIZE IN MILLIMETERS

coarse fine

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216
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(%)

Plastic
Limit
(%)

Classification
(USCS)Sample IDBoring No.

ML MH

CL CH

CL

CL

CL

64.1

50.8

65.4

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

21.7MC-2

B-3 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 98.7

C

NA

Ring Sampler

15.2

103.9

66.2

2.7

DNV Swell A

N. RASMUSSEN

3.5 - 4.5'

9/9

0.594

0.621

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

PROJECT NAME: CDM Westminister Water Treatment Plant

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
3990 FOX STREET
DENVER, COLORADO 80216

Distilled

500

Est. Preconsolidation Stress (tsf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

STRESS, psf

Fat clay with sand, brown with white lensing Swell Potential (500 psf surcharge): 3.16%

Swell Pressure: 5,200 psf

Westminster Water 2025 Preliminary
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

7.8MC-4

B-3 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 47.1

C

NA

Ring Sampler

22.9

99.6

89.5

2.7

DNV Swell B

N. RASMUSSEN

9.0 - 10.0'

9/9/2020

0.446

0.691

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

PROJECT NAME: CDM Westminister Water Treatment Plant

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
3990 FOX STREET
DENVER, COLORADO 80216

Distilled

STRESS, psf

Est. Preconsolidation Stress (tsf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

1,000

Swell Pressure: 4,200 psf

Swell Potential (1,000 psf surcharge): 1.21%Claystone, yellowish light brown

Westminster Water 2025 Preliminary     
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

19.2MC-2

B-6 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 98.7

C

NA

Ring Sampler

10.0

110.1

51.0

2.7

DNV Swell C

N. RASMUSSEN

3.5 - 4.5'

9/9/2020

0.526

0.531

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

PROJECT NAME: CDM Westminister Water Treatment Plant

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
3990 FOX STREET
DENVER, COLORADO 80216

Distilled

STRESS, psf

500

Est. Preconsolidation Stress (tsf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Lean clay with sand, light brown with white lensing Swell Potential (500 psf surcharge): 2.13%

Swell Pressure: 3,500 psf

Westminster Water 2025 Preliminary     Westminster
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

24.1MC-1

B-7 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

12.9

115.3

75.3

2.7

DNV Swell D

N. RASMUSSEN

1.0 - 2.0'

9/9/2020

0.491

0.461

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

PROJECT NAME: CDM Westminister Water Treatment Plant

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminister, Colorado

OLSSON, INC.
3990 FOX STREET
DENVER, COLORADO 80216

Distilled

Swell Pressure: 6,900 psf

STRESS, psf

Est. Preconsolidation Stress (tsf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

150

Swell Potential (150 psf surcharge): 6.15%Lean to fat clay with sand, light brown with

 white lensing

Westminster Water 2025 Preliminary     
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

21.5MC-3

B-7 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

17.0

104.9

75.6

2.7

DNV Swell E

N. RASMUSSEN

6.0 - 7.0'

9/9/2020

0.570

0.606

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

PROJECT NAME: CDM Westminister Water Treatment Plant

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
3990 FOX STREET
DENVER, COLORADO 80216

Distilled

Swell Pressure: 7,000 psf

Swell Potential (500 psf surcharge): 3.41%Claystone, yellowish gray with white lensing

Est. Preconsolidation Stress (tsf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

500

STRESS, psf

Westminster Water 2025 Preliminary     
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

23.2MC-1

B-13 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 93.4

C

NA

Ring Sampler

8.2

95.8

29.1

2.7

DNV Swell D

N. RASMUSSEN

1.0 - 2.0'

3/3/2021

0.672

0.759

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

200.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (200 psf surcharge): -0.37%Lean Clay, sandy, brown
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

16.8MC-2

B-14 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 88.7

C

NA

Ring Sampler

6.2

107.2

29.5

2.7

DNV Swell E

N. RASMUSSEN

3.5 - 4.5'

3/3/2021

0.511

0.571

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

200.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Lean Clay, sandy, medium brown Swell Potential (200 psf surcharge): -0.2%

Distilled
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

25.1MC-3

B-15 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

18.2

104.8

80.8

2.7

DNV Swell A

N. RASMUSSEN

6.0 - 7.0'

2/26/2021

0.634

0.608

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): 1.75%

Swell Pressure: 4,460 psf

Claystone, slightly weathered, medium brown
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

18.7MC-1

B-16 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

15.9

112.1

85.5

2.7

DNV Swell F

N. RASMUSSEN

1.0 - 2.0'

2/24/2021

0.479

0.503

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

200.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (200 psf surcharge): 1.73%

Swell Pressure: 1,670 psf

Lean Clay, medium brown
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Sample Description:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

20.6MC-4

B-17 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 99.7

C

NA

Ring Sampler

16.8

108.3

81.6

2.7

DNV Swell D

N. RASMUSSEN

9.0 - 10.0'

2/24/2021

0.557

0.556

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): -0.05%Claystone, slightly weathered, tannish gray Notes:
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

20.4MC-2

B-18 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 93.6

C

NA

Ring Sampler

7.8

101.4

32.0

2.7

DNV Swell E

N. RASMUSSEN

3.5 - 4.5'

2/24/2021

0.589

0.662

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): -0.15%Lean Clay, sandy, medium brown
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

19.9MC-6

B-19 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

16.3

114.6

93.9

2.7

DNV Swell A

N. RASMUSSEN

29.0 - 30.0'

2/15/2021

0.465

0.470

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): 4.65%

Swell Pressure: 19,825 psf

Claystone, slightly weathered, tannish brown
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

17.9MC-2

B-20 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

11.8

109.3

58.9

2.7

DNV Swell B

N. RASMUSSEN

3.5 - 4.5'

2/15/2021

0.469

0.542

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): 2.45%

Swell Pressure: 4,680 psf

Lean to Fat Clay, sandy, medium brown
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

24.6MC-4

B-21 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

17.9

108.7

87.9

2.7

DNV Swell C

N. RASMUSSEN

19.0 - 20.0'

2/15/2021

0.587

0.550

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): 2.15%

Swell Pressure: 7,040 psf

Claystone, slightly weathered, gray
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

18.9MC-6

B-21 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

16.3

112.1

87.6

2.7

DNV Swell D

N. RASMUSSEN

29.0 - 29.6'

2/15/2021

0.475

0.503

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): 0.4%

Swell Pressure: 2,300 psf

Claystone, slightly weathered, tannish gray
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

34.6MC-3

B-22 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 100.0

C

NA

Ring Sampler

21.1

89.3

64.3

2.7

DNV Swell C

N. RASMUSSEN

6.0 - 7.0'

2/24/2021

0.904

0.886

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Distilled

Swell Pressure: 5,960 psf

Swell Potential (500 psf surcharge): 5.29%Claystone, slightly weathered, tan

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

19.0MC-2

B-23 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 96.1

C

NA

Ring Sampler

11.0

104.1

48.1

2.7

DNV Swell E

N. RASMUSSEN

3.5 - 4.5'

2/15/2021

0.534

0.618

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

200.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (200 psf surcharge): 5.25%

Swell Pressure: 3,510 psf
Lean Clay, sandy, dark brown
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Sample Description: Notes:

SWELL / CONSOLIDATION TEST
S

T
R

A
IN

, 
%

Notes:

17.7MC-5

B-23 Initial Water Content (%):

Final Water Content (%):

Initial Dry Density (pcf):

Initial Void Ratio:

Final Void Ratio:

Initial Degree of Saturation (%):

Final Degree of Saturation (%): 97.8

C

NA

Ring Sampler

18.8

106.6

87.4

2.7

DNV Swell F

N. RASMUSSEN

14.0 - 15.0'

2/15/2021

0.489

0.581

Boring No:

Sample ID:

Sample Depth:

Start Date:

Technician:

Apparatus:

Specific Gravity: ATTERBERG LIMITS

LL PL PI Classification

500.00

PROJECT NAME: Westminster Water 2025 Final

PROJECT NUMBER: 019-1378

CLIENT: CDM Smith

PROJECT LOCATION: Westminster, Colorado

OLSSON, INC.
5180 SMITH ROAD
DENVER, COLORADO 80216

STRESS, psf

Est. Preconsolidation Stress (psf):

Laboratory Water Type:

Test Procedure Method:

Interpretation Procedure:

Stress at Inundation (psf):

Specimen Trimming Method:

Distilled

Swell Potential (500 psf surcharge): 3.16%Claystone, slightly weathered, tannish gray

Swell Pressure: 6,775 psf



3990 Fox Street TEL 303.237.2072

Denver, CO 80216 FAX 303.237.2659

Dilution

100:1

0.023

Reading Concentration, mg/L

Sample Location: B-3, 9 to 15.5 feet

Water Soluble Sulfate (Colorado Procedure CP-L-2103)

Water Soluble Chloride (Colorado Procedure CP-L-2104)

Concentration, % mass

0.011001

Laboratory Technician:

Sample portion passing the #10 sieve used in testing. Each reading performed after additional water was added.

364

357

413

Lowest Resistivity (ohm*cm)

7.22

pH (ASTM G51)

Electrical Resistivity (ASTM G57)

9/29/2020

357

CDM Smith

pH Meter Reading

 Readings (ohm*cm)

Westminster, Colorado

Dilution

Second

Concentration, ppm

225

Concentration, % mass

Test Results

N. Rasmussen

Claystone, yellowish light brown with oxidation staining

www.olsson.com

Soil Corrosion Suite

Project Information

Sample and Test Information

Westminster Water Treatment Plant

019-1378Project Number:

Client Name:

Project Location:

Project Name: 

Date Tested:

Sample Description:



3990 Fox Street TEL 303.237.2072

Denver, CO 80216 FAX 303.237.2659

Dilution

100:1

Project Information

Soil Corrosion Suite

www.olsson.com

Project Name: Westminster Water Treatment Plant

Project Number: 019-1378

Client Name: CDM Smith

Project Location: Westminster, Colorado

Sample and Test Information

Sample Location: B-10, 3.5 to 7.5 feet

Sample Description: Sandy clay and clayey sand, brown with white lensing

Laboratory Technician: N. Rasmussen

Date Tested: 9/29/2020

Test Results

Water Soluble Sulfate (Colorado Procedure CP-L-2103)

Reading Concentration, mg/L Concentration, % mass

9 900 0.09

Electrical Resistivity (ASTM G57)

Water Soluble Chloride (Colorado Procedure CP-L-2104)

Dilution Concentration, ppm Concentration, % mass

Second 189 0.019

pH (ASTM G51)

pH Meter Reading

7.63

Lowest Resistivity (ohm*cm)

457

Sample portion passing the #10 sieve used in testing. Each reading performed after additional water was added.

 Readings (ohm*cm)

801

517

479

457

465



3990 Fox Street TEL 303.237.2072

Denver, CO 80216 FAX 303.237.2659

Dilution

100:1 0.022002

Laboratory Technician:

Reading Concentration, mg/L

Sample Location: B-13

Water Soluble Sulfate (Colorado Procedure CP-L-2103)

Concentration, % mass

4/26/2021

CDM

Westminster, Colorado

Test Results

Nate Rasmussen

MC-1

www.olsson.com

Sulfate Test

Project Information

Sample and Test Information

Westminster Water 2025 Process Selection

019-13780Project Number:

Client Name:

Project Location:

Project Name: 

Date Tested:

Sample Description:



3990 Fox Street TEL 303.237.2072

Denver, CO 80216 FAX 303.237.2659

Dilution

100:1

Water Soluble Sulfate (Colorado Procedure CP-L-2103)

Reading Concentration, mg/L Concentration, % mass

36 3600 0.36

Laboratory Technician: Nate Rasmussen

Date Tested: 4/26/2021

Test Results

Project Location: Westminster, Colorado

Sample and Test Information

Sample Location: B-16

Sample Description: MC-1

Project Name: Westminster Water 2025 Process Selection

Project Number: 019-13780

Client Name: CDM

Sulfate Test

www.olsson.com

Project Information



3990 Fox Street TEL 303.237.2072

Denver, CO 80216 FAX 303.237.2659

Dilution

100:1

Water Soluble Sulfate (Colorado Procedure CP-L-2103)

Reading Concentration, mg/L Concentration, % mass

1 100 0.01

Laboratory Technician: Nate Rasmussen

Date Tested: 4/26/2021

Test Results

Project Location: Westminster, Colorado

Sample and Test Information

Sample Location: B-21

Sample Description: MC-1

Project Name: Westminster Water 2025 Process Selection

Project Number: 019-13780

Client Name: CDM

Sulfate Test

www.olsson.com

Project Information



       R Value

CLIENT Olsson Associates          BORING NO. Bulk (B-6)

JOB NO. 2494-038          DEPTH 1-5'

PROJECT Westminster WTP          SAMPLE NO. --

PROJECT NO. 019-1378          DATE SAMPLED --

LOCATION Westminster, CO          SAMPLED BY --

DATE TESTED 09/24/20          DESCRIPTION --

TECHNICIAN ALH

Mass of Wet Soil & Pan (g):

Mass of Dry Soil & Pan (g):

Mass of Pan (g):

Mass of Wet Soil & Mold (g):

Mass of Mold (g):

Sample Height (in):

Wet Density (pcf):

Dry Density (pcf):

Wet Density (kg/m³):

Dry Density (kg/m³):

Moisture (%):

Exudation Pressure (lbs):

Exudation Pressure (psi):

2000 lbs. Dial Reading (psi):

Displacement Turns:

Uncorrected R Value:

Corrected R Value:

NOTES:

Data entry by: ALH Date: 09/25/20

Checked by: DPM Date: 09/25/20

File name: 2494038__R Value ASTM D2844_0.xlsm

Specimen extruded from under the mold during the

loading operation. This occured when the 5520-kPa [800-psi] point 

was reached and fewer than five lights were lite.

Sample Conditions

R Value Data

ASTM D2844

Corrected R Value at 300 psi 

Exudation Pressure
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R Value vs. Exudation Pressure (psi)



Constant Rate of Flow 

Flexible Wall Hydraulic Conductivity

CLIENT Olsson Associates          BORING NO. B-12

JOB NO. 2494-038          DEPTH 14-15'

PROJECT Westminster WTP          SAMPLE NO. MC-5

PROJECT NO. 019-1378          DATE SAMPLED --

LOCATION Westminster, CO          SAMPLED BY --

DATE TESTED 09/16/20          DESCRIPTION --

TECHNICIAN CAL

Before Test Mass of Wet Soil (g): 289.4 Initial Wet Density (pcf): 124.1

After Test Mass of Wet Soil (g): 302.1 Initial Dry Density (pcf): 101.5

Mass of Dry Soil and Pan (g): 353.6 Initial Wet Density (kg/m³): 1989

Mass of Pan (g): 117.0 Initial Dry Density (kg/m³): 1626

Diameter (in): 1.93 Initial Moisture (%): 22.3

Initial Sample Height (in): 3.05 Final Wet Density (pcf): 140.2

Assumed Specific Gravity: 2.650 Final Dry Density (pcf): 109.8

Final Wet Density (kg/m³): 2246

Back Pressure (psi): 38.0 Final Dry Density (kg/m³): 1759

Cell Pressure (psi): 44.9 Final Moisture (%): 27.7

45 -- 9.47E-06 0.082 5.77 0.75 6.86 47.3 21.9 0.956 6.9E-07

45 -- 9.47E-06 0.133 9.36 1.22 6.83 47.1 21.9 0.956 4.2E-07

45 -- 9.47E-06 0.173 12.18 1.59 6.81 47.0 22.0 0.953 3.2E-07

45 -- 9.47E-06 0.199 14.01 1.83 6.80 46.9 22.1 0.951 2.8E-07

45 -- 9.47E-06 0.207 14.57 1.90 6.80 46.9 21.4 0.967 2.7E-07

45 -- 9.47E-06 0.200 14.08 1.84 6.80 46.9 21.4 0.967 2.8E-07

45 -- 9.47E-06 0.182 12.81 1.67 6.81 46.9 21.1 0.974 3.1E-07

Average Corrected Hydraulic Conductivity (cm/s): 2.9E-07

NOTES:

Data entry by: CAL Date: 09/18/20

Checked by: KR Date: 09/23/20

File name: 2494038__Permeability Method D ASTM D5084_0.xlsm Page 1 of 2

Head Loss 

(cm)
Gradient - i

Sample Conditions

Final density calculated using volume change method 

from ASTM D4767.

ASTM D 5084 Method D

Test Results

Effective 

Stress (psi) - 

σ3

Effective 

Stress (kPa) - 

σ3

Temperature 

(°C)

Temperature 

Correction

Corrected 

Hydraulic 

Conductivity 

(cm/s) - k

Permeability Data

Pump 

Setting

Percentage 

of Pump 

Setting 

Rate of 

Flow (cc/s)

Pump 

Pressure 

(psi)



Constant Rate of Flow 

Flexible Wall Hydraulic Conductivity

CLIENT Olsson Associates          BORING NO. B-12

JOB NO. 2494-038          DEPTH 14-15'

PROJECT Westminster WTP          SAMPLE NO. MC-5

PROJECT NO. 019-1378          DATE SAMPLED --

LOCATION Westminster, CO          SAMPLED BY --

DATE TESTED 09/16/20          DESCRIPTION --

TECHNICIAN CAL

Initial Saturation (%): 93.8 Initial Volume of Sample (cc): 145.5

Final Saturation (%): 100.0 Final Volume of Sample (cc): 134.5

Cell Pressure (psi): 44.9 Volume Change After Consolidation (cc): 17.8

Back Pressure (psi): 38.0 Initial Dial Reading (in): 0.200

Effective Stress (psi): 6.9 Final Dial Reading (in): 0.230

Effective Stress (kPa): 47.6 Height Change (in): 0.03

Cell Expansion Correction (cc): 6.80 Initial Area (cm²): 18.80

Cell ID: 3P Final Area (cm²): 17.55

Elapsed 

Time (min)

Square 

Root of 

Time (√min)

Burette 

Reading 

(cc)

Volume 

Change (cc)

0 0.00 15.40 0.00

0.1 0.32 16.30 0.90

0.25 0.50 16.40 1.00

0.5 0.71 16.50 1.10

1 1.00 16.65 1.25

2 1.41 16.85 1.45

4 2.00 17.10 1.70

9 3.00 17.40 2.00

16 4.00 17.60 2.20

30 5.48 17.90 2.50

60 7.75 18.30 2.90

120 10.95 18.95 3.55

240 15.49 19.80 4.40

360 18.97 20.40 5.00

Initial Final Initial Final Initial Final

40.0 50.0 38.9 48.4 15.30 15.40 38.0 0.10 2.0 9.5 0.95

Page 2 of 2

File name: 2494038__Permeability Method D ASTM D5084_0.xlsm

Consolidation

ASTM D 5084 Method D

Saturation

Cell Pressure (psi) Pore Pressure (psi) Burette Reading (cc) Back 

Pressure 

(psi)

Volume 

Change (cc)

Effective 

Stress (psi)
Δu (psi) B
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Square Root of Time (√min)

Consolidation Data



Image Attachment

CLIENT Tetra Tech BORING NO. B-12

JOB NO. 2592-052 DEPTH 14-15'

PROJECT Wild Horse Reservoir SAMPLE NO. MC-5

PROJECT NO. 200-23365-20001 DATE SAMPLED

LOCATION Hartsel CO DESCRIPTION cal. Liner

NOTES

File name: 2494038_perm_MC-5_14-15.pdf



Constant Rate of Flow 

Flexible Wall Hydraulic Conductivity

CLIENT Olsson Associates          BORING NO. B-12

JOB NO. 2494-038          DEPTH 6-7'

PROJECT Westminster WTP          SAMPLE NO. MC-3

PROJECT NO. 019-1378          DATE SAMPLED --

LOCATION Westminster, CO          SAMPLED BY --

DATE TESTED 09/16/20          DESCRIPTION --

TECHNICIAN CAL

Before Test Mass of Wet Soil (g): 279.2 Initial Wet Density (pcf): 118.9

After Test Mass of Wet Soil (g): 299.9 Initial Dry Density (pcf): 97.3

Mass of Dry Soil and Pan (g): 352.0 Initial Wet Density (kg/m³): 1905

Mass of Pan (g): 123.5 Initial Dry Density (kg/m³): 1559

Diameter (in): 1.93 Initial Moisture (%): 22.2

Initial Sample Height (in): 3.05 Final Wet Density (pcf): 125.1

Assumed Specific Gravity: 2.650 Final Dry Density (pcf): 95.3

Final Wet Density (kg/m³): 2004

Back Pressure (psi): 78.0 Final Dry Density (kg/m³): 1526

Cell Pressure (psi): 81.5 Final Moisture (%): 31.3

-- -- 3.33E-04 0.320 22.53 2.91 3.34 23.0 21.4 0.967 5.7E-06

-- -- 3.33E-04 0.320 22.53 2.91 3.34 23.0 21.5 0.965 5.7E-06

-- -- 3.33E-04 0.344 24.22 3.12 3.33 22.9 21.7 0.960 5.3E-06

-- -- 3.33E-04 0.341 24.01 3.10 3.33 23.0 21.7 0.960 5.4E-06

-- -- 3.33E-04 0.335 23.59 3.04 3.33 23.0 21.8 0.958 5.4E-06

-- -- 3.33E-04 0.336 23.66 3.05 3.33 23.0 21.7 0.960 5.4E-06

Average Corrected Hydraulic Conductivity (cm/s): 5.4E-06

NOTES:

Data entry by: CAL Date: 09/22/20

Checked by: KR Date: 09/23/20

File name: 2494038__Permeability Method D ASTM D5084_1.xlsm Page 1 of 2

Head Loss 

(cm)
Gradient - i

Sample Conditions

Final density calculated using volume change method 

from ASTM D4767.

ASTM D 5084 Method D

Test Results

Effective 

Stress (psi) - 

σ3

Effective 

Stress (kPa) - 

σ3

Temperature 

(°C)

Temperature 

Correction

Corrected 

Hydraulic 

Conductivity 

(cm/s) - k

Permeability Data

Pump 

Setting

Percentage 

of Pump 

Setting 

Rate of 

Flow (cc/s)

Pump 

Pressure 

(psi)



Constant Rate of Flow 

Flexible Wall Hydraulic Conductivity

CLIENT Olsson Associates          BORING NO. B-12

JOB NO. 2494-038          DEPTH 6-7'

PROJECT Westminster WTP          SAMPLE NO. MC-3

PROJECT NO. 019-1378          DATE SAMPLED --

LOCATION Westminster, CO          SAMPLED BY --

DATE TESTED 09/16/20          DESCRIPTION --

TECHNICIAN CAL

Initial Saturation (%): 84.1 Initial Volume of Sample (cc): 146.6

Final Saturation (%): 100.0 Final Volume of Sample (cc): 149.7

Cell Pressure (psi): 81.5 Volume Change After Consolidation (cc): 10.9

Back Pressure (psi): 78.0 Initial Dial Reading (in): 0.200

Effective Stress (psi): 3.5 Final Dial Reading (in): 0.202

Effective Stress (kPa): 24.1 Height Change (in): 0.002

Cell Expansion Correction (cc): 13.99 Initial Area (cm²): 18.89

Cell ID: 4P Final Area (cm²): 19.31

Elapsed 

Time (min)

Square 

Root of 

Time (√min)

Burette 

Reading 

(cc)

Volume 

Change (cc)

0 0.00 1.00 0.00

0.1 0.32 1.15 0.15

0.25 0.50 1.20 0.20

0.5 0.71 1.20 0.20

1 1.00 1.20 0.20

2 1.41 1.25 0.25

4 2.00 1.30 0.30

9 3.00 1.30 0.30

16 4.00 1.30 0.30

30 5.48 1.30 0.30

60 7.75 1.30 0.30

120 10.95 1.30 0.30

240 15.49 1.30 0.30

360 18.97 1.30 0.30

Initial Final Initial Final Initial Final

40.0 50.0 38.8 46.6 11.90 12.90 38.0 1.00 2.0 7.8 0.78

50.0 60.0 48.9 57.5 12.80 13.60 48.0 0.80 2.0 8.6 0.86

60.0 70.0 58.9 67.8 13.50 14.20 58.0 0.70 2.0 8.9 0.89

70.0 80.0 68.9 78.1 14.10 14.80 68.0 0.70 2.0 9.2 0.92

80.0 90.0 78.9 88.5 14.90 14.90 78.0 0.00 2.0 9.6 0.96
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Consolidation

ASTM D 5084 Method D
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Image Attachment

CLIENT Olsson Associates BORING NO. MW-4

JOB NO. 2494-038 DEPTH 37-39'

PROJECT Westminster WTP SAMPLE NO.

PROJECT NO. 019-1378 DATE SAMPLED 8/13/20

LOCATION Westminster, CO DESCRIPTION soil

NOTES

File name: 2494038_PERM_B12_MC3.pdf



Project No. 019-1378 Molding Date: 9/18
Project Name: Westminster WTP 2025 Prelim Date Tested: 9/18

Client: CDM Smith Boring Number: B-1
Sample Location: B-1, MC-4 Sample Number: MC-4

Specimen Description: Light brown clay with sand Sample Depth: 9.0-10.0'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.040760
Peak Corrected Compressive Stress (psi): 50.567 at reading number: 16

N/A

N/A

 

113.300

Height (in)
Weight (g)

Specimen A Information Olsson Associates

N/A

Specimen A Sample Data

After TestBefore Test

Unconfined Test
File Location

N/A
400.500 N/A

Diameter (in)

12.73

1.HSD

Project Information

Moisture (%)

Sample Parameters

4.076
1.932

N/A

Corr. Comp. Stress

Dry Density (pcf)

2.11 N/A

70.44
0.49

N/A

Height-to-Diameter Ratio
Void Ratio

Saturation (%)

Read Number
Disp Load
(in) (lbs)

Project   Specimen A Test Data

(%) (psi)
Strain

0 0.000 -0.8 0.000 0.000
1 0.010 14 0.251 5.059
2 0.021 19 0.509 6.727
3 0.031 23.9 0.752 8.388
4 0.041 28.9 1.003 10.041
5 0.051 33.9 1.254 11.684
6 0.062 40.5 1.512 13.874
7 0.072 47.1 1.756 16.054
8 0.082 55.3 2.007 18.774
9 0.092 64.4 2.264 21.753

10 0.103 74.3 2.515 24.993
11 0.112 87.5 2.759 29.314
12 0.123 102.4 3.010 34.157
13 0.133 119.7 3.261 39.792
14 0.143 136.3 3.512 45.126
15 0.154 152.8 3.769 50.428
16 0.164 153.6 4.020 50.567
17 0.174 122.2 4.271 40.186
18 0.184 115.6 4.522 37.928
19 0.195 71.8 4.773 23.609
20 0.204 23.1 5.016 7.760

Unconfined Compression Test - Results Page 1 of 2 1.HSD



Rate of Strain (in/min): 0.040760
Peak Corrected Compressive Stress (psi): 50.567 at reading number: 16

Corr. Comp. Stress
Read Number

Disp Load
(in) (lbs)

Project   Specimen A Test Data

(%) (psi)
Strain

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.215 18.2 5.267 6.139
22 0.225 14.9 5.518 5.058
23 0.235 13.2 5.769 4.513
24 0.245 10.7 6.020 3.707
25 0.256 9.9 6.278 3.433
26 0.266 6.6 6.535 2.370
27 0.276 4.1 6.772 1.576
28 0.286 2.5 7.023 1.048
29 0.297 0.8 7.274 0.522
30 0.307 0 7.525 0.261
31 0.317 0 7.776 0.260
32 0.327 0 8.026 0.259
33 0.338 0 8.284 0.258
34 0.348 0 8.528 0.258
35 0.358 0 8.779 0.257
36 0.368 0 9.037 0.256
37 0.378 0 9.281 0.256
38 0.389 0.8 9.531 0.510
39 0.399 0.8 9.782 0.508
40 0.409 0.8 10.040 0.507
41 0.419 0.8 10.284 0.506
42 0.429 0.8 10.535 0.504
43 0.440 0 10.785 0.251
44 0.450 -0.8 11.043 0.000
45 0.460 -0.8 11.287 0.000
46 0.470 -0.8 11.538 0.000
47 0.481 -1.7 11.789 -0.249
48 0.491 -2.5 12.040 -0.496
49 0.501 -2.5 12.290 -0.494
50 0.511 -2.5 12.541 -0.493
51 0.522 -2.5 12.799 -0.491
52 0.532 -2.5 13.050 -0.490
53 0.542 -2.5 13.294 -0.489
54 0.552 -2.5 13.545 -0.487
55 0.563 -2.5 13.802 -0.486
56 0.573 -2.5 14.046 -0.484
57 0.583 -2.5 14.304 -0.483

60 0.612 -2.5 15.015 -0.479

58 0.593 -2.5 14.548 -0.481
59 0.603 -1.7 14.799 -0.240

Unconfined Compression Test - Results Page 2 of 2 1.HSD



Project No. 019-1378 Molding Date: 9/18/2020
Project Name: Westminster WTP 2025 Prelim Date Tested: 9/18/2020

Client: CDM Smith Boring Number: B-4
Sample Location: B-4, MC-5 Sample Number: MC-5

Specimen Description: Claystone Sample Depth: 14.0-15.0'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.035980
Peak Corrected Compressive Stress (psi): 113.503 at reading number: 16

 

Project Information

Specimen B Information Olsson Associates
Unconfined Test

File Location
1.HSD

N/A

1.927
3.598

356.000

N/A
N/A

87.82

1

Disp

0.010

Saturation (%)

Project   Specimen B Test Data

Read Number
(in)

Void Ratio

7.623

Load

N/A

Strain

0.284

(psi)(%)
Corr. Comp. Stress

(lbs)

Specimen B Sample Data

After TestBefore TestSample Parameters
Diameter (in)

N/A

Height (in)
Weight (g)

17.18Moisture (%)

N/A
N/AHeight-to-Diameter Ratio 1.87

0.53

N/A110.300Dry Density (pcf)

0 0.000 -2.5 0.000 0.000

2 0.020 42.9 0.568 15.484
19.8

3 0.031 80.9 0.853 28.353
4 0.041 113.1 1.137 39.189
5 0.051 146.2 1.421 50.241
6 0.061 176.7 1.705 60.394
7 0.072 206.4 1.989 70.210
8 0.082 232 2.273 78.584
9 0.092 256 2.558 86.357

10 0.103 276.6 2.850 92.975
11 0.112 293.1 3.126 98.196
12 0.123 308 3.410 102.831
13 0.133 320.4 3.694 106.618
14 0.143 331.1 3.978 109.838
15 0.153 339.4 4.263 112.224
16 0.164 344.3 4.555 113.503
17 0.174 344.3 4.839 113.165
18 0.184 340.2 5.115 111.493
19 0.194 323.7 5.399 105.802
20 0.205 309.7 5.691 100.936
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Rate of Strain (in/min): 0.035980
Peak Corrected Compressive Stress (psi): 113.503 at reading number: 16

Disp

Project   Specimen B Test Data

Read Number
(in)

Load Strain
(psi)(%)

Corr. Comp. Stress
(lbs)

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.215 293.1 5.968 95.315
22 0.225 263.4 6.252 85.472
23 0.235 227.1 6.536 73.569
24 0.245 199.8 6.820 64.638
25 0.256 195.7 7.104 63.126
26 0.266 195.7 7.396 62.928
27 0.276 197.4 7.680 63.257
28 0.286 197.4 7.957 63.068
29 0.297 195.7 8.241 62.354
30 0.307 197.4 8.533 62.673
31 0.317 196.5 8.809 62.226
32 0.327 195.7 9.101 61.769
33 0.337 193.2 9.378 60.812
34 0.348 185.8 9.662 58.319
35 0.358 185 9.946 57.880
36 0.368 182.5 10.230 56.935
37 0.378 179.2 10.514 55.742
38 0.389 179.2 10.798 55.565
39 0.399 180.8 11.083 55.891
40 0.409 181.7 11.367 55.963
41 0.419 181.7 11.651 55.784
42 0.429 178.4 11.935 54.607
43 0.440 175.1 12.219 53.437
44 0.450 166 12.511 50.534
45 0.460 158.5 12.788 48.152
46 0.471 153.6 13.080 46.514
47 0.481 148.6 13.356 44.894
48 0.491 146.2 13.640 44.014
49 0.501 143.7 13.924 43.138
50 0.512 141.2 14.216 42.263

53 0.540 135.4 15.014 40.185

51 0.521 138.7 14.493 41.400
52 0.532 136.3 14.777 40.539

Unconfined Compression Test - Results Page 2 of 2 1.HSD



Project No. 019-1378 Molding Date: 9/18/2020
Project Name: Westminster WTP 2025 Prelim Date Tested: 9/18/2020

Client: CDM Smith Boring Number: B-6
Sample Location: B-6, MC-4 Sample Number: MC-4

Specimen Description: Sandstone Sample Depth: 9.0-10.0'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.040300
Peak Corrected Compressive Stress (psi): 53.017 at reading number: 14

 

Moisture (%) 9.35
113.900

Olsson Associates
Unconfined Test

Project Information

File Location
1.HSD

Height (in)
Weight (g)

N/A

Specimen C Sample Data

After TestBefore TestSample Parameters

Specimen C Information

N/A
1.936
4.030

387.940

N/A

N/A

Diameter (in)

N/A
Saturation (%)

Void Ratio

Dry Density (pcf)
N/A52.61

1

2.08 N/A

0.010

Disp

Project   Specimen C Test Data

0.254

Height-to-Diameter Ratio

Read Number
(in)

0.48

N/A

0 0.000 -0.8 0.000 0.000
24.8 8.672

(lbs)
Strain Corr. Comp. StressLoad

(psi)(%)

2 0.021 31.4 0.514 10.882
3 0.031 38 0.761 13.081
4 0.041 47.1 1.015 16.101
5 0.051 55.3 1.269 18.829
6 0.061 65.2 1.522 22.095
7 0.072 77.6 1.776 26.170
8 0.082 89.2 2.030 29.949
9 0.092 102.4 2.283 34.257

10 0.102 115.6 2.537 38.541
11 0.112 129.6 2.791 43.075
12 0.123 142 3.044 47.042
13 0.133 154.4 3.298 50.987
14 0.143 161 3.552 53.017
15 0.153 160.2 3.806 52.608
16 0.164 144.5 4.059 47.357
17 0.174 80.9 4.313 26.568
18 0.184 65.2 4.574 21.410
19 0.195 33.9 4.827 11.211
20 0.205 33 5.081 10.914
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Rate of Strain (in/min): 0.040300
Peak Corrected Compressive Stress (psi): 53.017 at reading number: 14

Disp

Project   Specimen C Test Data

Read Number
(in) (lbs)

Strain Corr. Comp. StressLoad
(psi)(%)

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.215 34.7 5.328 11.417
22 0.225 36.3 5.589 11.915
23 0.235 37.2 5.835 12.148
24 0.245 38 6.089 12.379
25 0.256 37.2 6.343 12.083
26 0.266 33.9 6.603 11.001
27 0.276 30.6 6.850 9.927
28 0.286 30.6 7.104 9.900
29 0.297 32.2 7.357 10.393
30 0.307 34.7 7.611 11.142
31 0.317 35.5 7.872 11.369
32 0.327 33 8.119 10.565
33 0.338 32.2 8.379 10.278
34 0.348 31.4 8.626 9.994
35 0.358 33 8.887 10.477
36 0.368 33.9 9.133 10.703
37 0.378 38 9.387 11.944
38 0.389 37.2 9.641 11.657
39 0.399 33 9.895 10.361
40 0.409 32.2 10.148 10.080
41 0.419 32.2 10.402 10.051
42 0.430 33 10.663 10.273
43 0.440 32.2 10.909 9.994
44 0.450 31.4 11.170 9.716
45 0.460 31.4 11.417 9.689
46 0.470 31.4 11.670 9.661
47 0.481 29.7 11.931 9.139
48 0.491 28.9 12.178 8.867
49 0.501 30.6 12.432 9.332
50 0.512 30.6 12.692 9.305
51 0.522 28.9 12.946 8.789
52 0.532 28.9 13.200 8.764
53 0.542 28.1 13.446 8.496
54 0.552 26.4 13.707 7.986
55 0.562 25.6 13.954 7.722
56 0.573 24.8 14.208 7.459
57 0.583 23.9 14.461 7.197

60 0.605 22.3 15.004 6.675

58 0.593 23.1 14.715 6.936
59 0.604 22.3 14.976 6.677

Unconfined Compression Test - Results Page 2 of 2 1.HSD



Project No. 019-1378 Molding Date: 9/18/2020
Project Name: Westminster WTP 2025 Prelim Date Tested: 9/18/2020

Client: CDM Smith Boring Number: B-8
Sample Location: B-8, MC-2 Sample Number: MC-2

Specimen Description: Lean clay with sand Sample Depth: 3.5-4.5'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.032420
Peak Corrected Compressive Stress (psi): 146.816 at reading number: 11

1.HSD

N/A

 

Void Ratio

Dry Density (pcf)

Project Information

Specimen D Information Olsson Associates
Unconfined Test

File Location

Diameter (in)

46.140
N/A
N/ASaturation (%)
N/A

Load Strain

0.425

Height (in)
Weight (g)

3.241
315.470

Moisture (%) 7.250
118.300

Specimen D Sample Data

After TestBefore TestSample Parameters

N/A
N/A
N/A

1.929

(in) (lbs)
Disp

0 0.001 0.8
11.836

N/A

Project   Specimen D Test Data

Height-to-Diameter Ratio

Read Number

1.681

0.315

(psi)(%)
Corr. Comp. Stress

0.000 0.000

2 0.021 110.7 0.631 37.362
1 0.011 35.5

3 0.031 189.1 0.946 63.846
4 0.041 260.9 1.262 87.927
5 0.052 316.3 1.577 106.288
6 0.062 359.2 1.893 120.370
7 0.072 390.6 2.208 130.488
8 0.082 412.1 2.523 137.232
9 0.093 431.9 2.839 143.380

10 0.103 442.6 3.154 146.474
11 0.113 445.1 3.470 146.816
12 0.123 445.1 3.785 146.336
13 0.133 431 4.100 141.248
14 0.144 416.2 4.416 135.919
15 0.154 398 4.731 129.545
16 0.164 354.3 5.047 114.890
17 0.174 294 5.362 94.977
18 0.185 274.2 5.678 88.261
19 0.195 252.7 5.993 81.056
20 0.205 233.7 6.308 74.692

Unconfined Compression Test - Results Page 1 of 2 1.HSD



Rate of Strain (in/min): 0.032420
Peak Corrected Compressive Stress (psi): 146.816 at reading number: 11

Load Strain
(in) (lbs)
Disp

Project   Specimen D Test Data

Read Number
(psi)(%)

Corr. Comp. Stress

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.215 210.6 6.624 67.050
22 0.226 179.2 6.939 56.826
23 0.236 147.8 7.255 46.670
24 0.246 125.5 7.570 39.456
25 0.256 106.5 7.886 33.332
26 0.266 90 8.201 28.028
27 0.277 71 8.516 21.983
28 0.287 53.7 8.832 16.495
29 0.297 45.4 9.147 13.869
30 0.307 44.6 9.463 13.565
31 0.318 44.6 9.778 13.518
32 0.328 43.8 10.093 13.217
33 0.338 45.4 10.409 13.677
34 0.348 47.1 10.724 14.133
35 0.358 52.8 11.040 15.844
36 0.369 55.3 11.355 16.540
37 0.379 57.8 11.671 17.230
38 0.389 62.8 11.986 18.661
39 0.399 63.6 12.301 18.842
40 0.410 66.1 12.617 19.516
41 0.420 66.9 12.932 19.691
42 0.430 67.7 13.248 19.865
43 0.440 66.9 13.563 19.549
44 0.450 67.7 13.879 19.721
45 0.461 67.7 14.194 19.649
46 0.471 65.2 14.509 18.851
47 0.481 64.4 14.825 18.541
48 0.487 63.6 14.991 18.264

Unconfined Compression Test - Results Page 2 of 2 1.HSD



Project No. 019-1378 Molding Date: 9/22/2020
Project Name: Westminster WTP 2025 Prelim Date Tested: 9/22/2020

Client: CDM Smith Boring Number: B-9
Sample Location: B-9, MC-2 Sample Number: MC-2

Specimen Description: Lean clay with sand Sample Depth: 3.5-4.5'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.039532
Peak Corrected Compressive Stress (psi): 110.168 at reading number: 9

N/A

N/A

 

108.000

Height (in)
Weight (g)

Specimen A Information Olsson Associates

N/A

Specimen A Sample Data

After TestBefore Test

Unconfined Test
File Location

N/A
366.680 N/A

Diameter (in)

12.82

2.HSD

Project Information

Moisture (%)

Sample Parameters

3.953
1.921

N/A

Corr. Comp. Stress

Dry Density (pcf)

2.06 N/A

61.80
0.56

N/A

Height-to-Diameter Ratio
Void Ratio

Saturation (%)

Read Number
Disp Load
(in) (lbs)

Project   Specimen A Test Data

(%) (psi)
Strain

0 0.000 -0.8 0.000 0.000
1 0.010 14 0.259 5.114
2 0.020 27.3 0.517 9.635
3 0.031 42.9 0.783 14.979
4 0.041 68.5 1.035 23.680
5 0.051 109.8 1.293 37.677
6 0.062 166.8 1.559 56.924
7 0.072 223.8 1.810 76.077
8 0.082 285.7 2.069 96.799
9 0.092 326.2 2.335 110.168

10 0.102 268.4 2.586 90.460
11 0.112 145.3 2.845 48.985
12 0.123 94.1 3.104 31.741
13 0.133 81.8 3.362 27.528
14 0.143 80.9 3.628 27.177
15 0.153 82.6 3.880 27.654
16 0.164 84.2 4.145 28.124
17 0.174 89.2 4.397 29.684
18 0.184 91.7 4.655 30.418
19 0.194 94.1 4.914 31.148
20 0.204 98.3 5.173 32.414

Unconfined Compression Test - Results Page 1 of 2 2.HSD



Rate of Strain (in/min): 0.039532
Peak Corrected Compressive Stress (psi): 110.168 at reading number: 9

Corr. Comp. Stress
Read Number

Disp Load
(in) (lbs)

Project   Specimen A Test Data

(%) (psi)
Strain

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.215 101.6 5.431 33.403
22 0.225 104.9 5.697 34.384
23 0.235 109 5.949 35.632
24 0.245 114 6.207 37.137
25 0.256 118.9 6.473 38.630
26 0.266 123 6.725 39.855
27 0.276 128.8 6.990 41.596
28 0.286 132.9 7.242 42.804
29 0.297 138.7 7.508 44.526
30 0.307 142 7.759 45.456
31 0.317 146.2 8.018 46.639
32 0.327 148.6 8.276 47.291
33 0.337 149.5 8.535 47.418
34 0.348 152.8 8.794 48.324
35 0.358 154.4 9.059 48.701
36 0.368 157.7 9.311 49.599
37 0.378 158.5 9.570 49.716
38 0.389 160.2 9.835 50.083
39 0.399 160.2 10.094 49.940
40 0.409 160.2 10.345 49.800
41 0.419 159.4 10.604 49.402
42 0.430 155.2 10.870 47.985
43 0.440 147.8 11.128 45.568
44 0.450 136.3 11.380 41.905
45 0.460 118.9 11.646 36.494
46 0.470 105.7 11.897 32.374
47 0.481 92.5 12.156 28.276
48 0.491 80.9 12.422 24.697
49 0.501 71.8 12.673 21.890
50 0.511 65.2 12.932 19.841
51 0.521 61.9 13.190 18.793
52 0.532 60.3 13.449 18.244
53 0.542 59.5 13.708 17.944
54 0.552 59.5 13.966 17.890
55 0.562 58.6 14.225 17.592
56 0.573 57.8 14.484 17.295
57 0.583 57 14.742 17.000
58 0.593 57 15.001 16.949
59 0.593 57 15.001 16.949

Unconfined Compression Test - Results Page 2 of 2 2.HSD



Project No. 019-1378 Molding Date: 9/22/2020
Project Name: Westminster WTP 2025 Prelim Date Tested: 9/22/2020

Client: CDM Smith Boring Number: B-9
Sample Location: B-9, MC-6 Sample Number: MC-6

Specimen Description: Sandstone Sample Depth: 19.0-19.8'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.039820
Peak Corrected Compressive Stress (psi): 35.501 at reading number: 11

 

Project Information

Specimen B Information Olsson Associates
Unconfined Test

File Location
2.HSD

N/A

1.919
3.981

368.920

N/A
N/A

60.77

1

Disp

0.010

Saturation (%)

Project   Specimen B Test Data

Read Number
(in)

Void Ratio

5.124

Load

N/A

Strain

0.264

(psi)(%)
Corr. Comp. Stress

(lbs)

Specimen B Sample Data

After TestBefore TestSample Parameters
Diameter (in)

N/A

Height (in)
Weight (g)

12.45Moisture (%)

N/A
N/AHeight-to-Diameter Ratio 2.07

0.55

N/A108.500Dry Density (pcf)

0 0.000 -0.8 0.000 0.000

2 0.020 25.6 0.521 9.086
14

3 0.031 37.2 0.778 13.027
4 0.041 51.2 1.035 17.795
5 0.051 61.9 1.284 21.413
6 0.061 73.5 1.541 25.292
7 0.072 85.9 1.805 29.428
8 0.082 94.1 2.062 32.146
9 0.092 99.1 2.319 33.735

10 0.102 104 2.568 35.317
11 0.112 104.9 2.825 35.501
12 0.123 98.3 3.089 33.192
13 0.133 90 3.339 30.348
14 0.143 76.8 3.603 25.863
15 0.153 65.2 3.853 21.954
16 0.164 56.2 4.117 18.883
17 0.174 45.4 4.366 15.285
18 0.184 35.5 4.623 11.978
19 0.194 27.3 4.880 9.231
20 0.204 23.1 5.137 7.852
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Rate of Strain (in/min): 0.039820
Peak Corrected Compressive Stress (psi): 35.501 at reading number: 11

Disp

Project   Specimen B Test Data

Read Number
(in)

Load Strain
(psi)(%)

Corr. Comp. Stress
(lbs)

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.215 20.6 5.401 7.020
22 0.225 16.5 5.658 5.655
23 0.235 12.4 5.908 4.297
24 0.245 9.9 6.164 3.482
25 0.256 9.1 6.428 3.205
26 0.266 8.3 6.685 2.930
27 0.276 9.1 6.935 3.187
28 0.286 7.4 7.192 2.649
29 0.296 7.4 7.449 2.642
30 0.307 8.3 7.713 2.897
31 0.317 6.6 7.962 2.364
32 0.327 5 8.226 1.834
33 0.337 5 8.483 1.828
34 0.347 5.8 8.733 2.084
35 0.358 7.4 8.997 2.597
36 0.368 7.4 9.247 2.590
37 0.378 5.8 9.503 2.066
38 0.388 3.3 9.760 1.288
39 0.398 3.3 10.017 1.284
40 0.409 3.3 10.274 1.280
41 0.419 3.3 10.538 1.277
42 0.429 3.3 10.788 1.273
43 0.439 3.3 11.044 1.269
44 0.450 4.1 11.308 1.519
45 0.460 5 11.565 1.767
46 0.470 4.1 11.815 1.510
47 0.481 4.1 12.079 1.506
48 0.491 5 12.336 1.751
49 0.501 5 12.593 1.746
50 0.511 9.1 12.842 2.985
51 0.521 9.1 13.099 2.976
52 0.531 8.3 13.356 2.720
53 0.542 8.3 13.613 2.712
54 0.552 7.4 13.870 2.458
55 0.562 7.4 14.127 2.451
56 0.572 8.3 14.384 2.688

59 0.597 5.8 15.004 1.941

57 0.583 9.1 14.640 2.924
58 0.593 5 14.897 1.700
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Project No. 019-1378 Molding Date: 2/25/2021
Project Name: Westminster WTP 2025 Final Date Tested: 2/25/2021

Client: CDM Smith Boring Number: B-22
Sample Location: B-22, MC-3 Sample Number: MC-3

Specimen Description: Lean clay with sand Sample Depth: 6.0-7.0'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.034040
Peak Corrected Compressive Stress (psi): 162.502 at reading number: 19

N/A

N/A

 

102.000

Height (in)
Weight (g)

Specimen A Information Olsson Associates

N/A

Specimen A Sample Data

After TestBefore Test

Unconfined Test
File Location

N/A
318.720 N/A

Diameter (in)

19.48

1.HSD

Project Information

Moisture (%)

Sample Parameters

3.404
1.931

N/A

Corr. Comp. Stress

Dry Density (pcf)

1.76 N/A

80.55
0.65

N/A

Height-to-Diameter Ratio
Void Ratio

Saturation (%)

Read Number
Disp Load
(in) (lbs)

Project   Specimen A Test Data

(%) (psi)
Strain

0 0.000 0 0.000 0.000
1 0.011 5.8 0.309 1.968
2 0.021 16.5 0.609 5.607
3 0.031 33.9 0.901 11.460
4 0.041 59.5 1.201 20.064
5 0.051 107.3 1.502 36.117
6 0.062 180.8 1.802 60.657
7 0.072 248.6 2.103 83.114
8 0.082 308 2.411 102.670
9 0.092 350.9 2.703 116.634

10 0.103 383.2 3.012 126.932
11 0.113 407.9 3.304 134.732
12 0.123 427.7 3.604 140.839
13 0.133 444.3 3.905 145.821
14 0.143 459.1 4.205 150.229
15 0.154 472.3 4.505 154.068
16 0.164 483.9 4.806 157.342
17 0.174 494.6 5.106 160.325
18 0.184 500.4 5.407 161.685
19 0.195 504.5 5.707 162.502
20 0.205 503.7 6.007 161.719
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Rate of Strain (in/min): 0.034040
Peak Corrected Compressive Stress (psi): 162.502 at reading number: 19

Corr. Comp. Stress
Read Number

Disp Load
(in) (lbs)

Project   Specimen A Test Data

(%) (psi)
Strain

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.215 494.6 6.308 158.295
22 0.225 478.9 6.608 152.783
23 0.235 446.7 6.908 142.051
24 0.246 388.9 7.209 123.272
25 0.256 361.7 7.509 114.264
26 0.266 344.3 7.809 108.432
27 0.276 331.1 8.110 103.932
28 0.287 312.1 8.410 97.651
29 0.297 287.4 8.711 89.606
30 0.307 273.3 9.011 84.948
31 0.317 261.8 9.311 81.087
32 0.327 254.3 9.612 78.524
33 0.338 248.6 9.912 76.484
34 0.348 241.9 10.212 74.203
35 0.358 236.2 10.513 72.188
36 0.368 233.7 10.813 71.191
37 0.379 233.7 11.113 70.951
38 0.389 237.8 11.414 71.961
39 0.399 237.8 11.723 71.710
40 0.409 233.7 12.015 70.232
41 0.419 233.7 12.315 69.992
42 0.430 237 12.615 70.738
43 0.440 241.1 12.916 71.723
44 0.450 244.4 13.224 72.448
45 0.460 245.3 13.516 72.448
46 0.471 244.4 13.817 71.953
47 0.481 243.6 14.117 71.460

50 0.511 223 14.993 64.737

48 0.491 237 14.417 69.279
49 0.501 227.9 14.718 66.390
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Project No. 019-1378 Molding Date: 2/25/2021
Project Name: Westminster WTP 2025 Final Date Tested: 2/25/2021

Client: CDM Smith Boring Number: B-23
Sample Location: B-23. MC-3 Sample Number: MC-3

Specimen Description: Weathered claystone Sample Depth: 6.0-7.0'
Specimen Remarks:

Sample Type: Undisturbed
Specific Gravity: 2.700 Assumed LL:  PL:  

0

Rate of Strain (in/min): 0.036790
Peak Corrected Compressive Stress (psi): 25.431 at reading number: 12

 

Project Information

Specimen B Information Olsson Associates
Unconfined Test

File Location
1.HSD

N/A

1.938
3.679

279.170

N/A
N/A

40.44

1

Disp

0.010

Saturation (%)

Project   Specimen B Test Data

Read Number
(in)

Void Ratio

4.187

Load

N/A

Strain

0.278

(psi)(%)
Corr. Comp. Stress

(lbs)

Specimen B Sample Data

After TestBefore TestSample Parameters
Diameter (in)

N/A

Height (in)
Weight (g)

14.53Moisture (%)

N/A
N/AHeight-to-Diameter Ratio 1.90

0.97

N/A85.600Dry Density (pcf)

0 0.000 -0.8 0.000 0.000

2 0.020 19 0.564 6.679
11.6

3 0.030 27.3 0.834 9.437
4 0.041 35.5 1.112 12.178
5 0.051 44.6 1.390 15.179
6 0.061 52.8 1.668 17.889
7 0.071 61.1 1.946 20.582
8 0.082 66.1 2.223 22.166
9 0.092 70.2 2.501 23.467

10 0.102 73.5 2.779 24.489
11 0.112 76 3.057 25.233
12 0.122 76.8 3.335 25.431
13 0.133 76.8 3.613 25.358
14 0.143 76 3.891 25.016
15 0.153 73.5 4.169 24.139
16 0.163 71 4.447 23.267
17 0.174 66.9 4.725 21.866
18 0.184 62.8 5.003 20.472
19 0.194 57.8 5.288 18.820
20 0.204 51.2 5.559 16.652
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Rate of Strain (in/min): 0.036790
Peak Corrected Compressive Stress (psi): 25.431 at reading number: 12

Disp

Project   Specimen B Test Data

Read Number
(in)

Load Strain
(psi)(%)

Corr. Comp. Stress
(lbs)

Test Performed By: N. Rasmussen Checked By: L. Tita

21 0.214 44.6 5.837 14.495
22 0.225 38 6.122 12.349
23 0.235 33 6.392 10.741
24 0.245 28.9 6.678 9.403
25 0.255 25.6 6.948 8.334
26 0.266 23.1 7.226 7.530
27 0.276 21.5 7.504 6.990
28 0.286 19.8 7.782 6.452
29 0.297 19 8.068 6.175
30 0.307 17.3 8.346 5.643
31 0.317 14.9 8.616 4.860
32 0.327 12.4 8.894 4.080
33 0.337 11.6 9.172 3.813
34 0.347 10.7 9.450 3.548
35 0.358 8.3 9.735 2.779
36 0.368 7.4 10.006 2.519
37 0.378 7.4 10.284 2.511
38 0.389 7.4 10.569 2.503
39 0.398 6.6 10.839 2.246
40 0.409 5 11.125 1.741
41 0.419 4.1 11.403 1.488
42 0.429 4.1 11.673 1.483
43 0.440 3.3 11.959 1.232
44 0.450 3.3 12.229 1.228
45 0.460 3.3 12.515 1.224
46 0.470 3.3 12.793 1.220
47 0.481 3.3 13.071 1.216
48 0.490 2.5 13.341 0.970
49 0.501 2.5 13.619 0.967
50 0.511 2.5 13.897 0.964
51 0.521 2.5 14.182 0.961
52 0.532 2.5 14.460 0.958

55 0.552 1.7 15.024 0.713

53 0.542 2.5 14.731 0.955
54 0.552 1.7 15.008 0.714
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Westminster Water 2025 Final, 019-1378

Unconfined Compression Test Report (ASTM D2166)
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Specimen: B-8, Sample MC-2, Depth 3.5-4.5'
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Specimen: B-23, Sample MC-3, Depth 6.0-7.0'
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Specimen: B-22, Sample MC-3, Depth 6.0-7.0'
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APPENDIX D 
Approximate Geologic Cross Sections



Scale: nts
Project: 019-1378
Approved by: LAT
Date: 04/26/2021

East-West Cross-Section Location Plan

Westminster 2025 Water Final
Westminster Boulevard near W 98th Ave
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Scale: nts
Project: 019-1378
Approved by: LAT
Date: 04/26/2021

North-South Cross-Section Location Plan

Westminster 2025 Water Final
Westminster Boulevard near W 98th Ave

Westminster, Colorado
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NOTE: Soil stratification, as shown on the geologic profile, represents soil conditions at the boring locations: however, variations may occur between or around the boring locations.
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PROJECT NAME Westminster Water 2025 Final

GEOLOGIC PROFILE
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NOTE: Soil stratification, as shown on the geologic profile, represents soil conditions at the boring locations: however, variations may occur between or around the boring locations.
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GEOLOGIC PROFILE
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NOTE: Soil stratification, as shown on the geologic profile, represents soil conditions at the boring locations: however, variations may occur between or around the boring locations.

GROUNDWATER
DEPTH IMMEDIATELY

AFTER DRILLING

GROUNDWATER
DEPTH AFTER

DRILLING

GROUNDWATER
DEPTH WHILE

DRILLING

PROJECT NAME Westminster Water 2025 Final

GEOLOGIC PROFILE
East-West (3)

CLIENT CDM Smith
PROJECT LOCATION Westminster, ColoradoPROJECT NUMBER 019-1378
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5180 SMITH ROAD
DENVER, COLORADO 80216
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NOTE: Soil stratification, as shown on the geologic profile, represents soil conditions at the boring locations: however, variations may occur between or around the boring locations.
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PROJECT NAME Westminster Water 2025 Final

GEOLOGIC PROFILE
East-West (4)

CLIENT CDM Smith
PROJECT LOCATION Westminster, ColoradoPROJECT NUMBER 019-1378
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NOTE: Soil stratification, as shown on the geologic profile, represents soil conditions at the boring locations: however, variations may occur between or around the boring locations.
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PROJECT NAME Westminster Water 2025 Final

GEOLOGIC PROFILE
North-South (1)
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PROJECT LOCATION Westminster, ColoradoPROJECT NUMBER 019-1378
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APPENDIX E 
Native Soil for Re-Use Schematic



NOTE:

Scale: 1 in:210 ft.
Project: 019-1378
Approved by: LAT
Date: 04/21/2021

Westminster 2025 Water Final
Westminster Boulevard near W 98th Ave

Westminster, Colorado

The boundaries shown should be considered approximate and 
are for bidding purposes. The approximate boundaries were 
developed based on limited exploration areas and select sample 
testing. Conditions may vary in the field from the approximate 
areas shown on this schematic.

Approximate Boundaries of Native Soils Suitable for Re-Use as Structural Fill

Soil not acceptable for reuse as structural fill

*All topsoil, vegetation, and organics should be removed from soil 
prior to placing structural fill

Upper 2.5 ft. of in-situ soil acceptable for reuse 
as structural fill*

Upper 2.5 ft. of in-situ soil acceptable for reuse 
as structural fill with remidiation; see report*

840 ft.



 

   

APPENDIX F 
Groundwater Observation



 

3990 Fox Street / Denver, CO 80216 

O 303.237.2072 / olsson.com 

 
 
 
 
 
March 1, 2021 
 
 
 
CDM Smith 

Attn: Mr. Brian O’Connor 

555 17th Street, Suite 500 

Denver, CO 80202 

 

 

Re:   Piezometer Monitoring Report 

Westminster Water Treatment Plant 

 Westminster, Colorado 

Olsson Project No. 019-1378 

 

 

Dear Mr. O’Connor, 

 

Olsson previously completed geotechnical engineering services for CDM Smith for the 

Westminster Water Treatment Plant project in Westminster, Colorado and submitted a 

geotechnical engineering report on October 9, 2020.  During that exploration, groundwater 

monitoring wells were installed at three locations across the site. These monitoring wells are 

registered with the State of Colorado Division of Water Resources under well permit numbers: 

319122, 319123, and 319124. Groundwater measurements are planned to be taken seasonally 

until May/June of 2021. This letter presents the measurements recorded during the 6-month 

period following our August 2020 field exploration.  Please refer to our initial geotechnical report 

dated October 9, 2020 for information related to the exploration and subsurface conditions. 

 

GROUNDWATER MONITORING 

During Olsson’s August 2020 subsurface exploration, three monitoring wells (piezometers) were 

installed to depths of 50 feet at boring locations B-1, B-6, and B-12 to allow for periodic long-

term monitoring of the groundwater levels across the project site. The piezometers were 

installed with a 20-foot screen from approximately 30 to 50 feet bgs and solid riser pipe 

extending to the ground surface. A baseline reading was taken on August 31, 2020 with 

measurements taken approximately every 3 to 4 months until May/June 2020. 

 



  

 

A summary of our groundwater observations to-date is included in Table 1. Surface elevations 

were obtained by interpolating the grade of our approximate boring locations from the draft 

Topographic Exhibit, prepared by Flatirons Inc. and dated July 8, 2020.  

 

Table 1: Summary of Groundwater Monitoring Observations Through February 2021 

 

Date 
Depth (ft) Approx. Elev. (ft) 

B-1 B-6 B-12 B-1 B-6 B-12 

8/26/2020  N/E 40.0 N/E  >5334.0 5312.0 >5373.0 

8/31/2020 12.4 17.4 21.4 5321.6 5334.6 5351.6 

11/17/2020 12.4 16.4 18.9 5321.6 5335.6 5354.1 

2/16/2021 12.2 16.1 19.4 5321.8 5335.9 5353.6 
N/E = Not encountered 

 

Attached are the piezometer location map and water level recordings to-date presented as 

depth below the existing ground surface and approximate elevation. 

 

This letter has been prepared for the exclusive use of our client for specific application to the 

project discussed.  No warranties, either express or implied, are intended or made. 

 

We appreciate the opportunity to provide our geotechnical exploration services for this project.  

If you have any questions or need further assistance, please contact us at your convenience. 

 

Respectfully submitted, 
Olsson, Inc. 
 
 
 
 
  
Lindsay Tita, P.E.     
Project Engineer      
 
Attachments 
Piezometer Location Plan 
Groundwater Level Depths 
Groundwater Level Elevations 

 
 



I.D. Depth Pieozmeter
B-1 50 X
B-2 50
B-3 50
B-4 50
B-5 50
B-6 50 X
B-7 50
B-8 50
B-9 50

B-10 50
B-11 50
B-12 50 X

Scale: nts
Project: 019-1378
Approved by: LAT
Date: 03/01/2021

Boring Location Plan

Westminster 2025 Water Preliminary Design 
Project

Westminster Boulevard near W 98th Ave
Westminster, Colorado

Approximate Coordinates
 39.880094° N 105.064531° W
 39.880138° N 105.060782° W
 39.879694° N 105.062543° W
 39.879026° N 105.063984° W
 39.878979° N 105.060876° W
 39.878570° N 105.061950° W
 39.878151° N 105.063263° W
 39.878198° N 105.060458° W
 39.877664° N 105.061763° W
 39.877194° N 105.062463° W
 39.877195° N 105.060722° W
 39.876726° N 105.061640° W

Property Boundary
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PURPOSE:

The Envision v3 Pre-assessment Checklist is intended to support incorporating Envision early in the planning 

and conceptual design project phases. The purpose of the checklist is to help project teams quickly identify 

whether they are addressing the full range of sustainability criteria. 

The checklist presents the Envision criteria as yes/no questions, and the results are presented as an estimate 

of the possible score a project may achieve. Projects that address few of the assessment questions may have 

the opportunity for improvement by revisiting their project objectives and expanding their sustainability 

considerations to address more criteria. Projects that address many of the assessment criteria demonstrate 

that their approach was sufficiently broad. These projects may be good candidates for setting more detailed 

performance goals and objectives using the Envision guidance manual.

This evaluation can be used as the foundation for a future Envision rating system assessment but does not 

replace the rating system assessment. Users should reference the Envision v3 Guidance Manual when 

completing the pre-assessment checklist. 

ORGANIZATION:

Each category tabs list the Envision credits and assessment questions. There are five tabs, one for each of the 

Envision categories: Quality of Life, Leadership, Resource Allocation, Natural World, and Climate and 

Resilience. There are a total of 59 credits (not including innovation credits). Each credit contains an intent, 

metric, and assessment questions. The intent describes the purpose of the credit and how it contributes to 

sustainability. The metric explains how the project team can be successful in meeting the intent of the credit. 

Users are first asked to identify whether a credit is applicable or not by selecting 'yes' or 'no'. The points 

associated with credits deemed not applicable by selecting 'no' are set as zero. For those credits deemed to 

be applicable by selecting 'yes' users are to address the subsequent assessment questions. The assessment

questions determine if the project meets the intent for that credit. The questions require users to select 'yes' 

or 'no' from a drop down menu. Some questions will also require a user to select an additional response from 

a drop down list below the specific question - these questions have the prompt 'select from one of the 

following'. Questions left unaddressed are assumed to be answered as 'no'. 

As each question is addressed, the Results tab is automatically updated. The Results tab summarizes whether 

a credit has been assessed, not assessed, or not applicable. It presents the total number of questions 

answered yes and no, the total score based on the questions addressed, and the total assessed maximum 

points available based on applicable credits. The Results tab also includes a total maximum points available 

summary.

Note that the Envision v3 Pre-assessment Checklist results do not directly correspond to Envision rating 

system scores. While the checklist asks whether criteria are being considered, the rating system more deeply 

evaluates the level of achievement for each credit. The checklist results are not verified by ISI and are not 

eligible for ISI awards.

For more information about Envision visit:

www.sustainableinfrastructure.org

Envision® v3 Pre-Assessment Checklist

Institute for Sustainable Infrastructure

1275 K Street NW, Suite 750

Washington DC, 20005



Draft Summary Results Low Hanging Fruit Needs discussion

City of Westminster - WATER 2025

Yes No Improved Enhanced Superior Conserving Restorative Points

QL1.1   Improve Community Quality of Life Assessed 7 0 0 0 0 0 26 26 26 26

QL1.2   Enhance Public Health & Safety Assessed 6 0 0 0 0 0 20 20 20 20

QL1.3   Improve Construction Safety Assessed 3 2 0 5 0 0 -- 5 14 14

QL1.4   Minimize Noise & Vibration Assessed 5 0 0 0 0 10 0 10 12 12

QL1.5   Minimize Light Pollution Assessed 5 1 0 0 0 10 0 10 12 12

QL1.6   Minimize Construction Impacts Assessed 5 1 0 0 4 0 -- 4 8 8

QL2.1   Improve Community Mobility Access Assessed 2 4 1 0 0 0 0 1 14 14

Quality of Life QL2.2   Encourage Sustainable Transportation Assessed 2 2 -- 0 8 0 0 8 16 16

QL2.3   Improve Access & Wayfinding Assessed 4 0 0 0 0 14 -- 14 14 14

QL3.1   Advance Equity & Social Justice Assessed 5 2 0 0 10 0 0 10 18 18

QL3.2   Preserve Historic & Cultural Resources Assessed 4 2 -- 0 7 0 0 7 18 18

QL3.3   Enhance Views & Local Character Assessed 5 1 0 0 0 11 0 11 14 14

QL3.4   Enhance Public Space & Amenities Assessed 4 0 0 0 7 0 0 7 14 14

Yes No Improved Enhanced Superior Conserving Restorative Points

LD1.1   Provide Effective Leadership & Commitment Assessed 4 0 0 0 0 18 -- 18 18 18

LD1.2   Foster Collaboration & Teamwork Assessed 4 0 0 0 0 18 -- 18 18 18

LD1.3   Provide for Stakeholder Involvement Assessed 6 0 0 0 0 0 18 18 18 18

LD1.4   Pursue Byproduct Synergies Assessed 0 5 0 0 0 0 0 0 18 18

LD2.1   Establish a Sustainability Management Plan Assessed 1 4 0 0 0 0 -- 0 18 18

LD2.2   Plan for Sustainable Communities Assessed 5 0 0 0 0 0 16 16 16 16

Leadership LD2.3   Plan for Long-Term Monitoring & Maintenance Assessed 5 0 0 0 0 12 -- 12 12 12

LD2.4   Plan for End-of-Life Assessed 2 3 2 0 0 0 -- 2 14 14

LD3.1   Stimulate Economic Prosperity & Development Assessed 3 2 0 6 0 0 -- 6 20 20

LD3.2  Develop Local Skills & Capabilities Assessed 0 4 0 0 0 0 0 0 16 16

LD3.3   Conduct a Life-Cycle Economic Evaluation Assessed 2 3 0 7 0 0 0 7 14 14

Assessed Maximum 

Points Available

Assessment Status
Evaluation Questions 

AssessedCredit Assessment 

Status

Economy

Wellbeing

Mobility

Community

Collaboration

Planning

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available

Total Maximum Points

Total Maximum Points



Draft Summary Results Low Hanging Fruit Needs discussion

City of Westminster - WATER 2025

Yes No Improved Enhanced Superior Conserving Restorative Points

RA1.1   Support Sustainable Procurement Practices Assessed 0 2 0 0 0 0 -- 0 12 12

RA1.2   Use Recycled Materials Assessed 0 1 0 0 0 0 -- 0 16 16

RA1.3   Reduce Operational Waste Assessed 2 0 0 0 10 0 -- 10 14 14

RA1.4   Reduce Construction Waste Assessed 0 2 0 0 0 0 -- 0 16 16

RA1.5   Balance Earthwork On Site Assessed 1 0 0 4 0 0 -- 4 8 8

RA2.1   Reduce Operational Energy Consumption Assessed 2 0 0 12 0 0 -- 12 26 26

RA2.2   Reduce Construction Energy Consumption Assessed 0 2 0 0 0 0 -- 0 12 12

Resource RA2.3   Use Renewable Energy Assessed 1 0 0 10 0 0 0 10 24 24

 Allocation RA2.4   Commission & Monitor Energy Systems Assessed 0 3 0 0 0 0 -- 0 14 14

RA3.1   Preserve Water Resources Not Applicable 0 0 0 0 0 0 0 0 0 12

RA3.2   Reduce Operational Water Consumption Assessed 4 0 0 0 0 0 22 22 22 22

RA3.3   Reduce Construction Water Consumption Assessed 0 2 0 0 0 0 -- 0 8 8

RA3.4   Monitor Water Systems Assessed 2 0 0 0 0 12 -- 12 12 12

Yes No Improved Enhanced Superior Conserving Restorative Points

NW1.1   Preserve Sites of High Ecological Value Assessed 3 3 0 0 0 16 0 16 22 22

NW1.2   Provide Wetland & Surface Water Buffers Assessed 2 3 0 0 0 16 0 16 20 20

NW1.3   Preserve Prime Farmland Not Applicable 0 0 -- 0 0 0 0 0 0 16

NW1.4   Preserve Undeveloped Land Assessed 0 2 0 0 0 0 0 0 24 24

NW2.1   Reclaim Brownfields Assessed 0 4 0 0 0 0 0 0 22 22

NW2.2   Manage Stormwater Assessed 4 0 0 0 9 0 0 9 24 24

NW2.3   Reduce Pesticide & Fertilizer Impacts Assessed 4 0 0 0 0 0 12 12 12 12

Natural NW2.4   Protect Surface & Groundwater Quality Assessed 4 2 0 0 9 0 0 9 20 20

World NW3.1   Enhance Functional Habitats Assessed 1 5 0 0 0 0 0 0 18 18

NW3.2   Enhance Wetland & Surface Water Functions Not Applicable 0 0 0 0 0 0 0 0 0 20

NW3.3   Maintain Floodplain Functions Not Applicable 0 0 0 0 0 0 0 0 0 14

NW3.4   Control Invasive Species Assessed 5 1 0 0 0 9 0 9 12 12

NW3.5   Protect Soil Health Assessed 2 2 -- 3 0 0 0 3 8 8

Materials

Energy

Water

Siting

Conservation

Ecology

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available
Total Maximum Points

Total Maximum Points



Draft Summary Results Low Hanging Fruit Needs discussion

City of Westminster - WATER 2025

Yes No Improved Enhanced Superior Conserving Restorative Points

CR1.1   Reduce Net Embodied Carbon Assessed 0 3 -- 0 0 0 -- 0 20 20

CR1.2   Reduce Greenhouse Gas Emissions Assessed 0 2 0 0 0 0 0 0 26 26

CR1.3   Reduce Air Pollutant Emissions Assessed 1 4 0 0 0 0 0 0 18 18

CR2.1   Avoid Unsuitable Development Assessed 5 1 0 0 0 12 0 12 16 16

CR2.2   Assess Climate Change Vulnerability Assessed 0 5 0 0 0 0 -- 0 20 20

Climate and CR2.3   Evaluate Risk and Resilience Assessed 0 6 0 0 0 0 -- 0 26 26

Resilience CR2.4   Establish Resilience Goals and Strategies Assessed 0 4 -- 0 0 0 -- 0 20 20

CR2.5   Maximize Resilience Assessed 0 5 0 0 0 0 -- 0 26 26

CR2.6   Improve Infrastructure Integration Assessed 5 0 0 0 0 0 18 18 18 18

Yes No Improved Enhanced Superior Conserving Restorative Points

Total Points
All Credits 

Assessed
137 100 3 47 64 158 132 404 938 1000

Possible Award Level:

Resilience

Gold

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status

Emissions

Assessed Maximum 

Points Available

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available

Total Maximum Points

Total Maximum Points



Envision Framework Pre-Assessment Checklist

          Quality of Life

QL 1.1 Improve Community Quality of Life 26 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified and taken into account community needs, goals, and issues? Yes

B Does the project meet or support the needs and goals of the host and/or affected communities? Yes

C
Has the project team assessed the social impacts the project will have on the host and affected 

communities’ quality of life?
Yes

D
Have the affected communities been meaningfully engaged in identifying how the project meets 

community needs and/or goals?
Yes

E Has the project team addressed negative social impacts? Yes

F
Are the affected communities satisfied that the project addresses their needs and goals as well as 

mitigates negative impacts?
Yes

G
Does the project proactively address long-term social, economic, or environmental changes that 

impact quality of life?
Yes

Yes = 7 of 7

1. WELLBEING

Intent: Improve the net quality of life of all communities affected by the project and mitigate negative impacts to communities.

Metric: Measures taken to assess community needs and improve quality of life while minimizing negative impacts.

Applicability: It is likely that all projects have the ability to align project objectives with community needs and goals, identified through 

active engagement, in order to achieve broad community satisfaction. It would therefore be difficult to demonstrate that the credit is not 

relevant or applicable to a project seeking an Envision award.

Assessment Questions:
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Envision Framework Pre-Assessment Checklist

QL 1.2 Enhance Public Health and Safety 20 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project meet all health and safety regulations and laws for operations? Yes

B
Has the project exceeded minimum legal health and safety requirements as established by 

regulations and laws?
Yes

C Does the project include health and safety improvements for the immediate surroundings? Yes

D
Does the project include health and safety improvements for the broader host or affected 

communities?
Yes

E
Can the project team demonstrate that health and safety risks and impacts are not 

disproportionately borne by one community over another?
Yes

F
Will the project provide critical infrastructure services to communities experiencing, or at risk of 

experiencing, imminent negative health and/or personal safety impacts?
Yes

Yes = 6 of 6

`

QL 1.3 Improve Construction Safety 5 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Have the project owner and contractor (GC/CM) made strong commitments to monitoring and 

improving health and safety?
Yes

B
Does the project include reliable feedback mechanisms to identify risks, conduct hazard analyses, 

and communicate hazards to personnel?
Yes

C Does the project include safety or security training requirements for personnel? Yes

D
Does the project include a comprehensive security plan to protect workers, the public, and 

sensitive information?
No

E Does the project include health and/or well-being programs? No

Yes = 3 of 5

Intent:  Protect and enhance community health and safety during operation.

Metric:  Measures taken to increase safety and provide health benefits on the project site, surrounding sites, and the broader community 

in a just and equitable manner.

Applicability:  It is likely that all projects, large and small, have the ability to positively impact health and/or safety in some way. Safety 

actions can be relative to the scale of the project, from repainting a crosswalk to preventing major chemical spills. It would therefore be 

difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

Intent: Enhance public and worker safety during construction.

Metric: Commitments and measures to monitor safety, provide feedback mechanisms, train personnel, establish security plans, and make 

health programs available.

Applicability:  All projects that include construction have the ability to positively impact construction safety. It would therefore be difficult 

to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:
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Envision Framework Pre-Assessment Checklist

QL 1.4 Minimize Noise and Vibration 10 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team assessed the potential for operational noise impacts on the surrounding 

community and/or environment?
Yes

B Has the project mitigated noise generated as a result of the project? Yes

C Does the project set or adopt target noise levels? Yes

D
Has the project team engaged impacted stakeholders on issues of noise and vibration impacts, 

mitigation strategies, and target levels?
Yes

E To what extent will the project maintain or reduce existing noise levels? Select one of the following: Yes

Noise reduction strategies and controls are sufficient to not increase noise within the surrounding 

community beyond existing conditions.
A

Yes = 5 of 5

Metric:  The extent that operational noise and vibration is assessed and mitigated, and target levels achieved.

Applicability:  Consideration is given to whether the project will have any operational noise. Noises generated by activities induced by the 

project, such as cars on roads, pedestrians in parks, and trucks accessing facilities, are applicable to this credit. Projects that do not include 

any operational noise may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Intent:  Minimize noise and vibrations during operations to maintain and improve community livability.
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Envision Framework Pre-Assessment Checklist

QL 1.5 Minimize Light Pollution 10 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team conducted an assessment of lighting needs and impacts for the project? Yes

B Has the project implemented strategies to reduce light pollution? Yes

C Has the project developed a lighting plan establishing lighting zones? Yes

D Will luminaires prevent light emission above 90 degrees? Yes

E
Do all project lights meet backlight, uplight, and glare (BUG) requirements for their respective 

lighting zones?
Yes

F
Does the project involve the removal or retrofitting of existing lighting so as to significantly reduce 

overall existing lighting?
No

Yes = 5 of 6

Assessment Questions:

Metric: Lighting meets backlight, uplight, and glare requirements for lighting zones.

Applicability:  This credit is not applicable if projects do not include any exterior lighting. Certain types of projects may be required to use 

lighting that is incompatible with the credit requirements. This is not considered an acceptable reason for designating the credit as not 

applicable. Projects that are unable to demonstrate achievement in this credit are encouraged to pursue higher performance in other 

credits.

Intent: Reduce backlight, uplight, and glare without jeopardizing safety during operations.
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Envision Framework Pre-Assessment Checklist

QL 1.6 Minimize Construction Impacts 4 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project implemented a construction management plan or policies to address construction 

impacts?
Yes

B Does the construction management plan mitigate noise and/or vibrations? No

C
Does the construction management plan address safety and wayfinding for pedestrians and 

vehicles during construction?
Yes

D
Does the construction management plan maintain access to public space and amenities during 

construction?
Yes

E
Does the construction management plan address distracting or intrusive lighting during 

construction?
Yes

F
Does the construction management plan or policies include robust feedback mechanisms and 

performance monitoring and reporting for construction impacts?
Yes

Yes = 5 of 6

Intent: Minimize or eliminate the temporary inconveniences associated with construction.

Metric: Extent of issues addressed through construction management plans.

Applicability:  Consideration is given to whether the project includes construction activities with the potential to impact the quality of life of 

individuals. Projects that do not include construction impacts (e.g. an internal refurbishment of a private facility or extremely remote site) 

may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:
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Envision Framework Pre-Assessment Checklist

QL 2.1 Improve Community Mobility and Access 1 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Is the project consistent with local transportation plans? Yes

B
Has the project team obtained input from the community and key stakeholders regarding issues of 

mobility and access?
Yes

C
Does the project include strategies to increase capacity, manage congestion, reduce vehicle 

distance traveled, or lower accident rates?
No

D
Has the project team worked with the community to expand mobility and access options and/or 

incorporate complete streets policies?
No

E Has the project team considered the long-term mobility and access needs of the community? No

F Does the project create new or restore previous connections between communities? No

Yes = 2 of 6

QL 2.2 Encourage Sustainable Transportation 8 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project provide convenient access to active, shared, or mass transportation options? Yes

B
Is the project configured and designed in such a way to encourage active, shared, and/or mass 

transportation options?
Yes

C
Does the project include programs and facilities that support the use of active transportation and 

transit?
No

D
Does the project contribute to a larger integrated active, shared, or mass transportation strategy 

for the community or region?
No

Yes = 2 of 4

Intent: Plan the project as part of a connected network that supports all transportation modes for the efficient movement of people, 

goods, and services.

Metric: The extent to which the project broadens mode choices, reduces commute times, reduces vehicle distance traveled,

2. MOBILITY

Applicability:  Consideration is given to whether the project has any potential to impact mobility. Non-transportation projects that do not 

include any mobility impacts (positive or negative), and can demonstrate no potential for positively impacting mobility, may apply to have 

this credit deemed not applicable with supporting documentation. This credit is inherently applicable to all transportation infrastructure 

projects.

Assessment Questions:

Intent: Expand accessibility to sustainable transportation choices including active, shared, and/or mass transportation.

Metric: The extent to which active, shared, or mass transportation options are accessible, encouraged, and supported as part of a larger 

integrated transportation network.

Applicability:  Consideration is given to whether the project includes transportation infrastructure, or includes the frequent dependence on 

transportation for access to the project. This credit is applicable to all transportation infrastructure. Projects that do not include 

transportation infrastructure and are not accessible, unmanned, or have very small maintenance crews, may apply to have this credit 

deemed not applicable with supporting documentation.

Assessment Questions:
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Envision Framework Pre-Assessment Checklist

QL 2.3 Improve Access and Wayfinding 14 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project addressed access, safety, and wayfinding for incident management including 

evacuation and emergency personnel?
Yes

B
Does the project utilize access, safety, and signage to protect or minimize impacts on the 

surroundings?
Yes

C Does the project provide safe public access points for the benefit of the community? Yes

D
Does the project have a positive and transformative impact on community neighborhood access, 

safety, and/or wayfinding?
Yes

Yes = 4 of 4

Applicability:  Consideration is given to the potential for impacting community access on or around the project site. Infrastructure that is 

inherently inaccessible (e.g., underground) or extremely remote (e.g., inaccessible by public roads) may apply to have this credit deemed 

not applicable with supporting documentation. Default restrictions on public access are not considered acceptable justification for 

marking the credit not applicable. This credit is automatically applicable to any project in proximity to populated areas or other 

development, adjacent to sensitive sites, or involving regular incoming or outgoing traffic.

Assessment Questions:

Intent: Design the project to provide safe and appropriate access in and/or around the project in a way that integrates the project with the 

surrounding community.

Metric: Incorporating and providing clear access, safety, and wayfinding measures to accommodate emergency services and regular 

vehicular or pedestrian traffic.
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Envision Framework Pre-Assessment Checklist

QL 3.1 Advance Equity and Social Justice 10 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Does the stakeholder engagement process take into account the historic context of equity and 

social justice within affected communities?
Yes

B
Has the project team assessed the social impacts the project will have on the host and affected 

communities?
Yes

C
Have key members of the project team made commitments to equity and social justice within their 

organizations?
Yes

D Has the project addressed social impacts related to equity and social justice? Yes

E
Will the impacts and benefits of the project be distributed equitably throughout affected 

communities?
Yes

F Has the project team empowered communities to engage in the development process? No

G Does the project positively address or correct an existing or historic injustice or imbalance? No

Yes = 5 of 7

3. COMMUNITY

Intent: Ensure that equity and social justice are fundamental considerations within project processes and decision making.

Metric: Degree to which equity and social justice are included in stakeholder engagement, project team commitments, and decision 

making.

Applicability:  This credit can be designated as not applicable for projects that do not impact the surrounding community. For example, the 

installation or refurbishment of systems internal to a facility that do not impact the quality or level of service provided by the 

infrastructure.

Assessment Questions:
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Envision Framework Pre-Assessment Checklist

QL 3.2 Preserve Historic and Cultural Resources 7 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team worked with the community and required regulatory and resource agencies 

to identify historic and cultural resources?
Yes

B
Has the project team developed strategies to document, protect, or enhance historic and cultural 

resources to the project?
Yes

C
Does the identification of historic/cultural resources extend beyond registries to identify important 

parts of the community culture?
Yes

D Has the project team worked with stakeholders to develop a sensitive design and approach? Yes

E
Does the project avoid all historic/cultural resources or fully preserve/protect their character-

defining features?
No

F
Does the project enhance or restore threatened or degraded historic/cultural resources in the 

community, or add a resource to a protected registry?
No

Yes = 4 of 6

Intent: Preserve or restore significant historical and cultural sites and related resources.

Metric: Steps taken to identify, preserve, or restore cultural resources.

Applicability:  Project teams that are unable to identify any historic or cultural resources relevant to the project may apply to have this 

credit deemed not applicable with supporting documentation. Supporting documentation should demonstrate how stakeholder 

engagement activities, cultural resource studies, or equivalent, were implemented in an effort to identify possible historic or cultural 

resources. This credit is applicable to all infrastructure projects that impact a historic or cultural resource identified in state/provincial, 

national, or international registries, or identified through stakeholder engagement. This credit is also applicable, and no points achieved, 

for projects that cannot demonstrate a serious effort was made to identify potential historic or cultural resources.

Assessment Questions:
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Envision Framework Pre-Assessment Checklist

QL 3.3 Enhance Views and Local Character 11 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team made a reasonable determination of community values and concerns 

regarding protection and enhancement of views and local character?
Yes

B
Has the project team implemented specific strategies to preserve or enhance views and local 

character?
Yes

C
Has the project team developed or adopted existing guidelines to preserve views and local 

character?
Yes

D
Does the project include a construction management plan to protect important natural or man-

made features?
Yes

E Does the community support actions taken to preserve or enhance views and local character? Yes

F Will the project result in the restoration or enhancement of views or local character? No

Yes = 5 of 6

Intent: Preserve or enhance the physical, natural, and/or community character of the project site and its surroundings.

Metric: Steps taken to assess valued community resources, implement preservation measures, and determine overall satisfaction.

Applicability:  Projects that have no public visibility or impact on views, such as underground utilities or the refurbishment of equipment 

within an existing facility, may submit to have this credit deemed not applicable with supporting documentation. Reviewers are unlikely to 

accept arguments that a publicly visible project has no impact on views or local character.

Assessment Questions:
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Envision Framework Pre-Assessment Checklist

QL 3.4 Enhance Public Space and Amenities 7 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team assessed and mitigated impacts to existing public space and/or amenities? Yes

B
Does the stakeholder engagement process specifically address issues of public space and 

amenities?
Yes

C Are public stakeholders satisfied with the project plans involving public space and amenities? Yes

D
To what extent does the project involve significantly enhancing, creating, or restoring public space 

and/or amenities? Select one of the following: 
A Yes

The project involves significant enhancements to existing public space or amenities (e.g., not minor 

resurfacing or component replacements).

Yes = 4 of 4

Intent: Improve amenities and publicly accessible spaces to enhance community livability.

Metric: Plans and commitments to preserve, conserve, enhance, and/or restore the defining elements of the amenity.

Applicability:  This credit is applicable to projects that are publicly accessible or that impact, adjoin, or otherwise connect to existing public 

spaces or amenities. This represents the large majority of infrastructure projects. Designating this credit as not applicable can be difficult. 

Projects that by their nature preclude the possibility of addressing public space or amenities may submit to have this credit deemed not 

applicable with supporting documentation (e.g., mechanical system refurbishments, offshore wind farms, etc.). Not addressing the 

potential for public space or amenities is not sufficient alone to designate this credit not applicable. Infrastructure projects, especially 

those traditionally viewed as inaccessible, are encouraged to consider how they can benefit their surrounding community through the 

enhancement or provision of public space and amenities.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

          Leadership

LD 1.1 Provide Effective Leadership and Commitment 18 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Have the project owner and project team made written commitments to address the social, 

environmental, and economic aspects of the project?
Yes

B
Is the project supported by a sustainability management policy commensurate with the scope, 

scale, and complexity of the project?
Yes

C
Has the project team periodically revisited project sustainability commitments throughout project 

delivery?
Yes

D Have key members of the project team made organizational commitments to sustainability? Yes

Yes = 4 of 4

LD 1.2 Foster Collaboration and Teamwork 18 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Was an interdisciplinary collaborative kickoff meeting held early in the project to define 

sustainability goals?
Yes

B
Has project sustainability performance been enhanced as a result of the interdisciplinary 

collaboration?
Yes

C
Did the project team establish regular interdisciplinary and collaborative meetings to set and 

achieve sustainability goals?
Yes

D
Does the process include construction, operations, or maintenance stakeholders, for better 

incorporation of considerations in later project phases?
Yes

Yes = 4 of 4

`

Assessment Questions:

1. COLLABORATION

Intent: Provide effective leadership and commitment to achieve project sustainability goals.

Metric: The degree to which the project owner and project team have made general, and project-specific, sustainability commitments and 

instituted sustainability management policies.

Applicability: It is likely that all projects can benefit from effective leadership and strong commitments to sustainability. It would therefore 

be difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Intent: Enhance project sustainability through interdisciplinary collaboration and teamwork.

Metric: The breadth and inclusivity of interdisciplinary and collaborative meetings and the resulting sustainability performance 

enhancements.

Applicability: It is likely that all projects can benefit from better collaboration and teamwork in pursuit of more sustainable projects. It 

would therefore be difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

LD 1.3 Provide for Stakeholder Involvement 18 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A

Has the project team undertaken a stakeholder mapping exercise to determine stakeholders? Were 

primary and secondary stakeholders identified through a stakeholder mapping process, and 

stakeholder concerns and specific objectives for stakeholder engagement defined?

Yes

B

Has the project team analyzed, planned, and executed the engagement for key project 

stakeholders? Is there a proactive stakeholder engagement process  established with clear 

objectives where: engagement moves beyond education into active dialogue; stakeholder views are 

monitored, and a two-way line of communication is established to reply to inquiries; and sufficient 

opportunities are provided for stakeholders to be involved in decision making? 

Yes

C
Was a lead member of the project team directly involved with stakeholder groups to understand 

their needs?
Yes

D

Has stakeholder engagement feedback been incorporated into project plans, design, and/or 

decision making? Are specific cases in which public input influenced or validated project outcomes, 

and potentially conflicting stakeholder views were evaluated and addressed equitably during 

decision making?

Yes

E
Has the project team sought feedback from stakeholders as to their satisfaction with the 

engagement process and the resulting decisions that were made based on their input?
Yes

F Has the project engaged one or more stakeholders as partners? Yes

Yes = 6 of 6

Intent: Early and sustained stakeholder engagement and involvement in project decision making.

Metric: Establishment of sound and meaningful programs for stakeholder identification, early and sustained engagement, and 

involvement in project decision making.

Applicability:  It is likely that all projects can benefit from stakeholder engagement. Although the types and scope of stakeholders may vary 

depending on the project, it would be difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision 

award.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

LD 1.4 Pursue Byproduct Synergies 0 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team assessed the availability of either internal or external excess resources or 

capacity?
-

B Has the project team identified opportunities for byproduct synergies or reuse? -

C Has the project team actively pursued a byproduct synergy or reuse? -

D
Does the project include a byproduct synergy by utilizing unwanted excess resources or finding 

destinations for the beneficial reuse of unwanted excess resources? Select one of the following:
No

None 2

E

Is the project part of a circular economy, whereby the majority of operational byproducts are 

beneficially repurposed or the majority of operational resources consumed are beneficially 

repurposed?

-

Yes = 0 of 5

Metric:  The extent to which the project team works with external groups to find beneficial use of waste, excess resources, or capacity.

Intent:  Critically reconsider whether traditional waste streams can be beneficially reused.

Applicability:  It is likely that all projects that use materials or product waste can benefit from byproduct synergies. It would be difficult to 

demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

LD 2.1 Establish a Sustainability Management Plan 0 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Are roles and responsibilities for addressing sustainability assigned to key members of the project 

team?
Yes

B

Has a sustainability management plan been developed to assess and prioritize the environmental, 

economic, and social aspects of the project and set project sustainability goals, objectives, and 

targets?

No

C
Does the project include a sustainability management plan that contains sufficient processes and 

management controls to address the sustainability goals, objectives, and targets?
No

D Was the sustainability management plan implemented and periodically revisited? No

E
Is the project sustainability management plan adaptable, flexible, and resilient enough to manage 

changes in the environmental, social, or economic conditions of the project over its life?
No

Yes = 1 of 5

Intent: Create a project sustainability management plan that can manage the scope, scale, and complexity of a project seeking to improve 

sustainable performance.

Metric: Extent of organizational policies, authorities, mechanisms, education, and business processes put in place.

Applicability:  It is likely that all projects can benefit from a sustainability management plan. It would be difficult to demonstrate that the 

credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

2. PLANNING

City of Westminster - WATER 2025



Envision Framework

Pre-Assessment Checklist

LD2.2 Plan for Sustainable Communities 16 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Was sustainability considered during project selection/identification? Yes

B Were alternative analyses conducted on sustainability performance during project identification? Yes

C
Was an assessment conducted of the project’s impacts to broader long-term community or 

regional sustainability?
Yes

D Is the project part of a comprehensive sustainable development plan? Yes

E Does the project address an inherently unsustainable condition within the community or region? Yes

Yes = 5 of 5

LD2.3 Plan for Long-Term Monitoring and Maintenance 12 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team considered how to reduce ongoing operational impacts? Yes

B
Is there a clear and comprehensive plan in place for long-term monitoring and maintenance of the 

completed project?
Yes

C
Has the monitoring and maintenance plan been communicated with operations and maintenance 

staff?
Yes

D
Have sufficient resources been allocated for long-term monitoring and maintenance of the 

completed project and appropriate training been conducted?
Yes

E Is there a plan in place to re-evaluate and modify the maintenance plan based on monitored data? Yes

Yes = 5 of 5

Intent: Incorporate sustainability principles into project selection/identification in order to develop the most sustainable project for the 

community.

Metric: The degree to which project selection/identification includes sustainability performance assessments and is part of a larger 

sustainable development plan.

Applicability:  Consideration is given to the scope and scale of the project and whether it has the potential to more broadly impact 

community sustainability. For example, small projects that involve the retrofitting or refurbishment of components or systems within an 

existing facility may contribute to improved sustainability performance but may struggle to demonstrate an impact beyond the project 

site. Small projects that do not impact the broader community sustainability, and do not have the potential to impact community 

sustainability, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Assessment Questions:

Intent: Put in place plans, processes, and personnel sufficient to ensure that long-term sustainable protection, mitigation, and 

enhancement measures are incorporated into the project.

Metric: Comprehensiveness of long-term monitoring and maintenance plans, implementation goals, and commitment of resources to 

fund the activities.

Applicability:  This credit is applicable to all projects that include ongoing monitoring and maintenance. In rare cases where projects do not 

include operation or maintenance activities, projects may apply to have this credit deemed not applicable with supporting documentation.
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Envision Framework

Pre-Assessment Checklist

LD2.4 Plan for End-of-Life 2 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team developed an end-of-life plan? Yes

B
Has the project team evaluated opportunities to extend the project’s useful life or beneficially 

repurpose the project after end-of-life?
Yes

C Has the project team assessed potential social, environmental, and economic end-of-life impacts? No

D
Has the project team evaluated the costs and salvage value of the project’s deconstruction, 

decommissioning, or replacement?
No

E Has the project team proactively engaged stakeholders in end-of-life planning? No

Yes = 2 of 5

LD3.1 Stimulate Economic Prosperity and Development 6 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Does the project create a significant number of new jobs during its design, construction, and 

operation?
Yes

B Does the project provide new operating capacity for business, industry, or the public? Yes

C
Does the project provide additional access, increase the number of choices, and/or increase the 

quality of infrastructure services for business, industry, or the public?
Yes

D
Does the project improve community attractiveness for business, industry, or the public by 

generally improving the socioeconomic conditions of the community?
-

E Will the project stimulate economic prosperity and further economic development? -

Yes = 3 of 5

Intent: Ensure that the project team is informed by an understanding of the full impacts and costs of the project’s end-of-life.

Metric: The degree to which the project team analyzes, and communicates with stakeholders, the end-of-life impacts, cost, and value.

Applicability:  It is likely that all projects can benefit from end-of-life planning. It would be difficult to demonstrate that the credit is not 

relevant or applicable to a project seeking an Envision award.

Assessment Questions:

3. ECONOMY

Assessment Questions:

Intent: Support economic prosperity and sustainable development, including job growth, capacity building, productivity, business 

attractiveness, and livability.

Metric: The extent of job creation, increased operating capacity, access, quality, and/or improved socioeconomic conditions.

Applicability:  The scope of this credit is broad, covering commercial, industrial, cultural, and recreational aspects of community 

development. In determining whether this credit is applicable to a project assessment, it is likely that all projects have the ability to 

support and stimulate economic prosperity and sustainable development. It would therefore be difficult to demonstrate that the credit is 

not relevant or applicable to a project seeking an Envision award.
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Envision Framework

Pre-Assessment Checklist

LD3.2 Develop Local Skills and Capabilities 0 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Will the project include training programs for local skill development? -

B
Has the project team identified skill or capability gaps in the local workforce and targeted training 

programs to address them? Select one of the following: 
2 No

None

C Will training, education, or skill development programs continue after project delivery? -

D
Will training and skill development programs specifically target economically depressed, 

underemployed, or disadvantaged communities?
-

Yes = 0 of 4

LD3.3 Conduct a Life-Cycle Economic Evaluation 7 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has a life-cycle cost analysis been conducted to identify the financial impacts of the whole project? Yes

B
Have life-cycle cost analyses been used to compare alternatives for at least one major project 

component?
Yes

C
Has the project team mapped the social, environmental, and financial costs and benefits of the 

project?
No

D
Has a cost benefit analysis been conducted to identify the financial, social, and environmental 

impacts of the whole project?
No

E
Have cost benefit analyses, including financial, environmental, and social benefits, been used to 

compare the alternatives for at least one major project component?
No

Yes = 2 of 5

Metric: The comprehensiveness of the economic analyses used to determine the net impacts of the project, and their use in assessing 

alternatives to inform decision making.

Applicability:  It would be difficult to demonstrate that this credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

Intent: Expand the knowledge, skills, and capacity of the community workforce to improve their ability to grow and develop.

Metric: The inclusion of current and future training programs, informed by skill or capability gaps, and targeted to economically depressed 

or underemployed communities.

Applicability:  For this credit, an alternative compliance path is provided in the Evaluation Criteria and Documentation Guidance for 

projects that are too small to include independent training and skill development. It is therefore unlikely that a project could demonstrate 

no opportunity for education at any point during its planning, design, or construction. When organizational-level training programs are 

referenced, project teams must demonstrate a relevance to the project.

Assessment Questions:

Intent: Utilize economic analyses to identify the full economic implications and the broader social and environmental benefits of the 

project.
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Envision Framework

Pre-Assessment Checklist

          Resource Allocation

RA1.1 Support Sustainable Procurement Practices 0 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team implemented a sustainable procurement policy or program? No

B
To what extent do materials, supplies, equipment, manufacturers, and suppliers meet sustainable 

procurement policy/program requirements? Select one of the following:
2 No

None

Yes = 0 of 2

RA1.2 Use Recycled Materials 0 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent has the project team used recycled materials, including materials with recycled 

content and/or reused existing structures or materials? Select one of the following:
2 No

None

Yes = 0 of 1

Assessment Questions:

1. MATERIALS

Intent: Develop sustainable procurement policies and programs to source materials and equipment from manufacturers and suppliers 

that implement sustainable practices.

Metric: The extent of sustainable procurement programs, and the percentage of materials sourced from manufacturers and/or suppliers 

that implement sustainable practices.

Applicability: This credit is applicable to all projects that include the use or consumption of physical materials in construction or 

operation.

Intent: Reduce the use of virgin natural resources and avoid sending useful materials to landfills by specifying reused materials, including 

structures, and material with recycled content.

Metric: Percentage of project materials that are reused or recycled. Plants, soil, rock, and water are not included in this credit.

Applicability: This credit is applicable to all projects that include the use or consumption of physical materials in construction or 

operation.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

`

RA1.3 Reduce Operational Waste 10 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team developed a waste management plan to decrease project waste and divert 

waste from landfills during operation?
Yes

B
To what extent has the project team reduced waste or diverted waste from landfills? Select one of 

the following:
C Yes

The project is planned or designed to divert at least 75% of operational waste. Diversion may be a 

combination of waste reduction measures and/or sourcing waste to other facilities for recycling or 

reuse.

Yes = 2 of 2

RA1.4 Reduce Construction Waste 0 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team developed a comprehensive waste management plan to decrease project 

waste and divert waste from landfills during construction?
No

B To what extent has construction waste been diverted from landfills? Select one of the following: 2 No

None

Yes = 0 of 2

Metric: Percentage of total waste diverted from disposal.

Intent: Reduce operational waste and divert waste streams from disposal to recycling and reuse.

Metric: Percentage of total operational waste or byproducts diverted from disposal.

Applicability:  This credit is applicable to all projects that produce operational waste or byproducts. Projects that do not include any 

operational waste may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Intent: Divert construction and demolition waste streams from disposal to recycling and reuse.

Applicability:  This credit is applicable to all projects that produce construction waste. Projects that do not include any construction waste 

may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

RA1.5 Balance Earthwork On Site 4 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent has the project team designed the project to balance cut and fill to reduce the 

excavated material taken off site? Select one of the following:
B Yes

Excavated material moved off site and/or fill brought onto the site does not exceed 50% of total 

site soil handling.

OR

100% of fill and excavated materials are sourced or reused within 10 mi/16 km of the site.

Yes = 1 of 1

RA2.1 Reduce Operational Energy Consumption 12 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team determined the estimated annual energy consumption of the project during 

operations?
Yes

B
To what extent has the project reduced operational energy consumption? Select one of the 

following: 
B Yes

Operational energy is reduced at least 30%.

Yes = 2 of 2

Intent: Minimize the movement of soils and other excavated materials off site to reduce transportation and environmental impacts.

Metric: Percentage of excavated material retained on site or nearby.

Applicability:  This credit is applicable to all projects that involve the excavation of qualifying earthwork. Projects that do not include any 

earthwork, or only involve the excavation of excluded material considered contaminated or hazardous, may apply to have this credit 

deemed not applicable with supporting documentation. In rare cases, where the amount of excavated soil is insignificant in comparison 

to the scale of the project, teams may apply to have this credit deemed not applicable with supporting documentation. However, the 

reviewer may exercise his/her discretion in determining what constitutes an insignificant quantity of excavated material in the context of 

the project.

Assessment Questions:

Intent: Conserve energy by reducing overall operational energy consumption throughout the project life.

Metric: Percentage of operational energy reductions achieved.

Applicability:  This credit is applicable to all projects that consume energy during their operation. Projects that do not include operational 

energy may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the amount of 

operational energy use is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not 

applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an 

insignificant quantity of operational energy use in the context of the project.

Assessment Questions:

2. ENERGY
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Envision Framework

Pre-Assessment Checklist

RA2.2 Reduce Construction Energy Consumption 0 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team conducted planning reviews to reduce energy consumption during 

construction?
No

B
To what extent have energy conservation strategies been implemented during construction? 

(strategies are listed in the Envision Guidance Manual) Select one of the following: 
2 No

None

Yes = 0 of 2

RA2.3 Use Renewable Energy 10 of 24 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project meet electricity or fuel needs from renewable sources? Select one 

of the following: 
B Yes

The project meets 15% of energy needs (electricity and fuel) from renewable sources.

Yes = 1 of 1

Intent: Conserve resources and reduce greenhouse gases and air pollutant emissions by reducing energy consumption during 

construction.

Metric: The number of strategies implemented on the project during construction that reduce energy consumption and emissions.

Applicability:  This credit is applicable to all projects that consume energy during construction. It would therefore be difficult to 

demonstrate that the credit is not relevant or applicable to a project seeking an Envision award. In rare cases, where the amount of 

energy used during construction is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed 

not applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes 

an insignificant quantity of construction energy use in the context of the project.

Assessment Questions:

Intent: Meet operational energy needs through renewable energy sources.

Metric: Extent to which renewable energy sources are incorporated.

Applicability:  This credit is applicable to all projects that consume energy (fuel or electricity) during their operation. Projects that do not 

include operational energy may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the 

amount of operational energy use is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed 

not applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes 

an insignificant quantity of operational energy use in the context of the project.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

RA2.4 Commission and Monitor Energy Systems 0 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Does the design incorporate advanced integrated monitoring systems in order to enable more 

efficient operations? Select one of the following:
2 No

None

B To what extent has a commissioning been conducted? Select one of the following: 2 No

None

C Is there a plan for ongoing commissioning of the energy systems throughout the project’s life? No

Yes = 0 of 3

Assessment Questions:

Intent: Ensure efficient functioning and extend useful life by specifying commissioning and monitoring of energy systems.

Metric: The inclusion of monitoring equipment and software, the extent of commissioning, and the commissioning agent’s independence 

from the project.

Applicability:  This credit is applicable to all projects that consume energy during their operation. Projects that do not include operational 

energy may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the amount of 

operational energy use is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not 

applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an 

insignificant quantity of operational energy use in the context of the project.
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Envision Framework

Pre-Assessment Checklist

RA3.1 Preserve Water Resources 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A Has the project team conducted a watershed assessment? -

B
Has the project team estimated the water usage and wastewater generation over the life of the 

project?
-

C
Does the project include features to minimize the negative impacts of water usage, and/or 

watershed-scale issues?
-

D
Does the project have a net-zero impact on the quantity and availability of fresh surface water 

and groundwater supplies without compromising water quality?
-

E Is the project part of a watershed-level or regional plan? -

F Does the project make a direct net-positive improvement to the watershed? -

Yes = -

Metric: The extent to which the project considers and contributes to positively addressing broader watershed issues.

Applicability:  This credit is applicable to all projects that consume water or impact receiving waters. Projects that do not include any 

impacts to water quantity or quality may apply to have this credit deemed not applicable with supporting documentation. In rare cases, 

where the impact to water quantity or quality is insignificant in comparison to the scale of the project, teams may apply to have this 

credit deemed not applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining 

what constitutes an insignificant impact to water quantity or quality use in the context of the project.

Assessment Questions:

Intent: Assess and reduce the negative net impact on fresh water availability, quantity, and quality at a watershed scale to positively 

impact the region’s water resources.

City of Westminster - WATER 2025



Envision Framework

Pre-Assessment Checklist

RA3.2 Reduce Operational Water Consumption 22 of 22 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team conducted planning and design reviews to identify potable water reduction 

strategies during operation of the project?
Yes

B To what extent has the project reduced potable water use? Select one of the following: E Yes

The project reduces potable water use by 100%.

C
To what extent has the project reduced overall water use (including potable and nonpotable 

water)? Select one of the following: 
D Yes

Overall water use (potable and nonpotable) is reduced by at least 50%.

D Does the project have a net positive impact on water use? Yes

Yes = 4 of 4

RA3.3 Reduce Construction Water Consumption 0 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team conducted planning reviews to reduce water consumption during 

construction?
No

B
To what extent have water conservation strategies been implemented during construction? Select 

one of the following: 
2 No

None

Yes = 0 of 2

Intent: Reduce overall water consumption while encouraging the use of greywater, recycled water, and stormwater to meet water needs.

Applicability : This credit is applicable to all projects that consume water during construction. Projects that do not include any operational 

water consumption may apply to have this credit deemed not applicable with supporting documentation. In cases where the amount of 

water consumption during operations is insignificant in comparison to the scale of the project, teams may apply to have this credit 

deemed not applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining what 

constitutes an insignificant quantity of operational energy use in the context of the project.

Assessment Questions:

Metric: Percentage reduction in potable water use and overall water use.

Applicability:  This credit is applicable to all projects that consume water during operations. Projects that do not include any operational 

water consumption may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the 

amount of water consumption is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not 

applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an 

insignificant quantity of operational water use in the context of the project.

Assessment Questions:

Intent: Reduce potable water consumption during construction.

Metric: The number of strategies implemented during construction that reduce potable water consumption.
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Envision Framework

Pre-Assessment Checklist

RA3.4 Monitor Water Systems 12 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Does the design incorporate advanced integrated monitoring systems in order to improve 

performance? Select one of the following:
C Yes

The equipment is capable of monitoring all primary project functions, accounting for at least 95% 

of water use.

B Does the project include real-time water monitoring? Yes

Yes = 2 of 2

Assessment Questions:

Intent: Improve operational performance by including monitoring capabilities.

Metric: Extent and capability of water monitoring equipment and inclusion of response plans.

Applicability : This credit is applicable to all projects that consume water during their operation or include the conveyance of large 

quantities of water. Projects that do not include operational water use or water conveyance may apply to have this credit deemed not 

applicable with supporting documentation. In rare cases, where the amount of operational water use, or conveyance, is insignificant in 

comparison to the scale of the project, teams may apply to have this credit deemed not applicable with supporting documentation. 

However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant quantity of water use in the 

context of the project.

City of Westminster - WATER 2025



Envision Framework

Pre-Assessment Checklist

          Natural World

NW1.1 Preserve Sites of High Ecological Value 16 of 22 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified whether the site contains areas of high ecological value? Yes

B
Has the project mitigated any areas of high ecological value that are disturbed? Select one of the 

following:
2 No

None

C Does the project avoid developing or disturbing areas of high ecological value on site? Yes

D
Does the project preserve an effective protective buffer zone around areas of high ecological 

value?
No

E Was the project intentionally sited to avoid areas of high ecological value? Yes

F Does the project significantly increase the area of high ecological value? No

Yes = 3 of 6

1. SITING

Intent: Avoid placing the project and temporary works on a site that has been identified as being of high ecological value.

Metric: Avoidance of high ecological value sites and establishment of protective buffer zones.

Applicability: Projects that do not contain areas of high ecological value, and cannot demonstrate they actively avoided areas of high 

ecological value, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

NW1.2 Provide Wetland and Surface Water Buffers 16 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified wetlands and surface waters on or near the site? Yes

B
Has the project team determined the type and width of buffer zones necessary to protect 

wetlands and surface waters?
No

C
To what extent has the project implemented protective buffer zones around wetlands and surface 

waters? Select one of the following:
2 No

None

D Was the project intentionally sited to avoid wetlands and surface waters? Yes

E
Will the project involve returning previously developed or disturbed sites within the buffer zone to 

a natural state?
No

Yes = 2 of 5

`

NW1.3 Preserve Prime Farmland 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A
Has the project team assessed the project site for soils identified as prime farmland, unique 

farmland, or farmland of importance?
No

B
To what extent will the project protect or preserve prime farmland, unique farmland, or farmland 

or importance? Select one of the following:
2 No

None

C
Has the project team mitigated any damage or disturbance to prime farmland, unique farmland, 

or farmland of importance?
No

D Was the project intentionally sited to avoid prime farmland? No

E
Does the project preserve existing farmland for posterity or restore previously disturbed 

farmland?
No

Yes = -

Intent: Identify and protect soils designated as prime farmland, unique farmland, or farmland of importance.

Intent: Protect, buffer, enhance, and restore wetlands, shorelines, and waterbodies by providing natural buffer zones, vegetation, and 

soil-protection zones.

Metric: Type and quality of natural buffer zone established around all wetlands, shorelines, and waterbodies.

Applicability:  Projects that do not contain wetlands or surface waters, and for which no siting options containing wetlands or surface 

waters were possible or seriously considered, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Metric: Percentage of farmland avoided or preserved during development.

Applicability:  Projects that do not contain prime farmland, and for which no siting options containing prime farmland were possible or 

seriously considered, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

NW1.4 Preserve Undeveloped Land 0 of 24 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A To what extent is the project located on previously developed land? Select one of the following: 2 No

None

B
Has the project returned developed areas to a condition that supports natural open space, 

habitat, or natural hydrology?
No

Yes = 0 of 2

Intent: Conserve undeveloped land by locating projects on previously developed land.

Metric: Percentage of project development that is located on previously developed land.

Applicability:  Assessment of this credit is determined by the extent to which the project is located on previously developed land or 

previously undeveloped land. As all land falls within these two classifications, it would be difficult to demonstrate that the credit is not 

applicable. Inability to locate the project on developed land is not sufficient justification to remove this credit from consideration.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

NW2.1 Reclaim Brownfields 0 of 22 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Is the project located on a site currently identified as a closed brownfield? No

B Is the project located on a site currently identified as an active brownfield? No

C To what extent has the project mitigated or remediated the site? Select one of the following: 2 No

None

D Has the brownfield site been closed or deregulated? No

Yes = 0 of 4

Applicability:  Project teams that were unable to identify a suitable site may apply to have this credit deemed not applicable with 

supporting documentation that efforts were made. If no evidence is provided that any consideration was given to locating the project on 

a brownfield, the credit is considered applicable and no points achieved.

Intent: Locate projects on sites classified as brownfields.

Metric: The extent of remediation of the brownfield site.

Assessment Questions:

2. CONSERVATION
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Envision Framework

Pre-Assessment Checklist

NW2.2 Manage Stormwater 9 of 24 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project infiltrate, evapotranspirate, reuse, and/or treat stormwater on 

site? Select one of the following: 
C Yes

Infiltrate, evapotranspirate, and/or reuse 100% of 90th percentile local 24-hour event.

OR

If infiltration, evapotranspiration, or reuse are not permitted or impracticable detain and treat 

150% of 90th percentile 24-hour event.

B
To what extent does the completed project limit rate or quantity of runoff compared to existing 

conditions? Select one of the following: 
C Yes

Do not exceed rate or quantity of runoff for the 2-, 5-, and 10-year 24-hour rainfall event relative 

to the existing condition (greenfield, greyfield, or brownfield).

C
Does the project include an erosion, sedimentation, and pollution control plan for all construction 

activities?
Yes

D
Does the project treat stormwater from other sites or does it function as part of a larger 

stormwater management plan?
Yes

Yes = 4 of 4

NW2.3 Reduce Pesticide and Fertilizer Impacts 12 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Have operational policies and programs been put in place to control the application of fertilizers 

and pesticides?
Yes

B
Have runoff controls been put in place to minimize contamination of groundwater and surface 

water?
Yes

C
To what extent has the project team designed landscaping to require fewer pesticides and 

fertilizers? Select one of the following: 
C Yes

Landscaping is designed with plant species that do not require pesticides or fertilizers.

This includes eliminating the need for pesticides and/or fertilizers on sites with prior use of 

pesticides or fertilizers.

D
Has the project team selected pesticides and fertilizers that have lower toxicity, persistence, and 

bioavailability?
Yes

Yes = 4 of 4

Intent: Minimize the impact of development on stormwater runoff quantity, rate, and quality.

Metric: Degree to which the project infiltrates, evapotranspirates, reuses, and/or treats stormwater while not exceeding rate or quantity 

runoff targets.

Applicability:  This credit is applicable to all projects that impact stormwater runoff. In rare cases, where the impact on stormwater runoff 

is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable with supporting 

documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant impact on 

stormwater runoff in the context of the project.

Assessment Questions:

Intent: Reduce non-point-source pollution by reducing the quantity, toxicity, bioavailability, and persistence of pesticides and fertilizers.

Metric: Reductions in quantity, toxicity, bioavailability, and persistence of pesticides and fertilizers used on site, selection of plant species, 

and use of integrated pest management techniques.

Applicability:  Consideration is given as to whether the scope of the project includes exterior vegetated areas. Projects that do not include 

exterior vegetated areas may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

NW2.4 Protect Surface and Groundwater Quality 9 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has project team determined the potential for surface water and/or groundwater contamination 

during construction and operations?
Yes

B
Does the project include spill and leak prevention and response plans, and avoid creating new 

pathways for contamination during construction and operations?
Yes

C
Based on the types of impacts identified in criterion A, does the project reduces the risk of quality 

degradation to surface water and/or groundwater? This should include water temperature.
Yes

D
Have adequate and responsive surface water and/or groundwater quality monitoring and 

reporting systems been incorporated into the project?
Yes

E
Has the project actively eliminated at least one source of hazardous and/or potentially polluting 

substances, or replaced them with nonhazardous or nonpolluting substances or materials?
No

F Does the project improve surface water and/or groundwater quality? No

Yes = 4 of 6

Intent: Preserve water resources by preventing pollutants from contaminating surface water and groundwater and monitoring impacts 

during construction and operations.

Metric: Designs, plans, and programs instituted to prevent and monitor surface water and groundwater contamination during 

construction and operations.

Applicability:  This credit is applicable to all projects that contain or use hazardous and/or potentially polluting substances with the 

potential to contaminate water sources. In addition to chemical use, project teams should consider how chemical leaching from 

materials may be a source of contamination.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

NW3.1 Enhance Functional Habitats 0 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team identified existing terrestrial habitats and sited the project to minimize 

impact?
Yes

B
Does the project mitigate all disturbances to functional terrestrial (land) habitats? Select one of 

the following:
2 No

None

C Does the project increase the quantity of terrestrial habitat? No

D Does the project improve the quality of any existing or proposed new terrestrial habitat? No

E
Does the project facilitate movement between terrestrial habitats, provide new connections, or 

remove barriers, in order to improve habitat connectivity?
No

F
Does the project return developed land to natural habitat, or set aside existing habitat for 

permanent conservation and protection?
No

Yes = 1 of 6

Intent: Preserve and improve the functionality of terrestrial (land) habitats.

Metric: The number of habitat functions addressed in order to preserve or enhance the net area and quality of functional habitat.

Applicability:  Consideration is given to whether the project contains or impacts natural habitat. Projects that do not contain or impact 

natural habitat may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

2. ECOLOGY
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Envision Framework

Pre-Assessment Checklist

NW3.2 Enhance Wetland and Surface Water Functions 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A Has the project team identified impacts to wetland and surface water functions? -

B
Does the project minimize and mitigate disturbance to wetland and surface water functions? 

Select one of the following:
2 No

None

C Does the project protect or restore hydrologic connection? -

D Does the project protect or restore water quality? -

E Does the project protect or restore aquatic habitat? -

F(1) Does the project protect sediment transport and reduce sedimentation? -

F(2)

In addition to protecting all existing wetland and surface water functions, can the project 

demonstrate it has restored at least one previously degraded wetlands and/or surface water 

function?

-

Yes = -

Intent: Maintain and restore the ecosystem functions of streams, wetlands, waterbodies, and their riparian areas.

Applicability:  Consideration is given to whether the project contains or impacts wetlands or surface waters. This includes direct, indirect, 

and/or cumulative impacts. Projects that do not contain or impact natural wetlands or surface waters may apply to have this credit 

deemed not applicable with supporting documentation

Assessment Questions:

Metric: Number of functions maintained and restored.
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Envision Framework

Pre-Assessment Checklist

NW3.3 Maintain Floodplain Functions 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A
Has the project team identified the 100-year or design frequency floodplain in relation to the 

project location?
-

B
To what extent does the project preserve vegetated zones within the floodplain? Select one of the 

following: 
2 No

None

C Does the project mitigate impacts to floodplain functions? -

D Was the project intentionally sited to avoid floodplains? -

E
Does the project remove structures from the floodplain or return previously developed areas to a 

vegetated state?
-

Yes = -

NW3.4 Control Invasive Species 9 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project avoid introducing invasive species to the site? Yes

B Has the project team conducted a site assessment to determine if invasive species are present? Yes

C
Does the project implement controls for existing infestations of invasive species before, during 

and post-construction?
Yes

D
Does the project guard against future infestations by supporting the establishment of native 

and/or noninvasive species?
Yes

E Does the project provide long-term controls to prevent the reintroduction of invasive species? Yes

F
Does the project include the ongoing control, suppression, or containment of major infestations 

of invasive species after construction?
No

Yes = 5 of 6

Intent: Preserve floodplain functions by limiting development and impacts of development in the floodplain.

Metric: Efforts to avoid floodplains or maintain natural-acting floodplain functions.

Assessment Questions:

Applicability: Projects that are not within the floodplain and do not impact floodplain functions, may apply to have this credit deemed 

not applicable with supporting documentation. Some projects that are not directly within the floodplain may still have an impact on 

flooding and floodplain functions through their handling of stormwater runoff. These projects may also pursue achievement in this 

credit if they can demonstrate a direct connection to the floodplain. There are strong links between this credit and NW2.2 Manage 

Stormwater, and some project components and strategies may apply to both credits.

Assessment Questions:

Intent: Use appropriate noninvasive species, and control or eliminate existing invasive species.

Metric: Degree to which invasive species have been reduced or eliminated.

Applicability : This credit is applicable to all projects with sites that contain invasive species. Project teams that conduct site investigations 

and do not identify existing invasive species may apply to have this credit deemed not applicable with supporting documentation.
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Envision Framework

Pre-Assessment Checklist

NW3.5 Protect Soil Health 3 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team limited the area that is disturbed by development activities? Yes

B
Have vegetated areas disturbed by development activities been restored for appropriate soil type, 

structure, and function to support healthy plant and tree growth?
Yes

C Has the project team implemented a soil protection plan or policies? Select one of the following: 2 No

None

D
Has the project restored appropriate soil type, structure, and function to vegetated areas 

disturbed by previous development?
No

Yes = 2 of 4

Assessment Questions:

Intent: Preserve the composition, structure and function of site soils.

Metric: Degree to which the disruption of soil health has been minimized and restored.

Applicability : This credit is applicable to all projects that impact soils during construction. Projects that do not impact soil (e.g. the 

internal refurbishment of an existing facility) may apply to have this credit deemed not applicable with supporting documentation.
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Envision Framework

Pre-Assessment Checklist

          Climate And Resilience

CR1.1 Reduce Net Embodied Carbon 0 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team determined materials that are the primary contributors to embodied carbon 

for the project during construction and operation?
No

B Has the project team calculated the primary contributors to overall embodied carbon? No

C
To what extent does the project reduce the net embodied carbon of materials used in 

construction and operation? Select one of the following:
2 No

None

Yes = 0 of 3

CR1.2 Reduce Greenhouse Gas Emissions 0 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project reduce greenhouse gas emissions during its operational life? 

Select one of the following:
2 No

None

B
Has the project team calculated and reported the annual greenhouse gas emissions of the 

project?
No

Yes = 0 of 2

`

Assessment Questions:

1. Emissions

Intent: Reduce the impacts of material extraction, refinement/manufacture, and transport over the project life.

Metric: Percentage of reduction in net embodied carbon of materials.

Applicability: This credit is applicable to all projects that include the use or consumption of physical materials in construction or 

operation.

Intent: Reduce greenhouse gas emissions during the operation of the project, reducing project contribution to climate change.

Metric: Percentage of reduction in operational greenhouse gas emissions.

Applicability: This credit is applicable to all projects that consume energy, fuel, or otherwise produce greenhouse gas emissions during 

their operation. Projects that do not include greenhouse gas emissions during operations may apply to have this credit deemed not 

applicable with supporting documentation. However, projects that do not produce greenhouse gas emissions because of intentional 

planning decisions may apply for the Conserving level with supporting documentation.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

CR1.3 Reduce Air Pollutant Emissions 0 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project meet all relevant minimum air quality standards and regulations? Yes

B
To what extent does the project reduce air pollutant emissions during operations? Select one of 

the following:
2 No

None

C
Does the project include the ongoing monitoring and management of direct air pollutant 

emissions?
No

D
Has the project team assessed the materiality of volatile organic compounds to the health of 

construction workers and the project operators?
No

E Does the project remove existing air pollutant sources? No

Yes = 1 of 5

Intent: Reduce emissions of air pollutants: particulate matter (including dust), ground-level ozone, carbon monoxide, sulfur oxides, 

nitrogen oxides, lead, and volatile organic compounds.

Metric: Reduction of air pollutants compared to baseline.

Applicability:  This credit is applicable to all projects that directly produce any of the criteria pollutants. Projects that do not include air 

pollutant emissions may apply to have this credit deemed not applicable with supporting documentation. However, projects that do not 

produce air pollutant emissions because of intentional planning decisions to choose non-polluting alternatives may apply for the 

Conserving level with supporting documentation.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

CR2.1 Avoid Unsuitable Development 12 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team identified potential siting hazards, the vulnerability of the project to the 

hazard, and the potential for the project to exacerbate the hazard?
Yes

B
Can the project team demonstrate that siting and project alternatives were seriously considered 

in order to minimize exposure to risk?
Yes

C Has the project team implemented strategies to mitigate the impact of site hazards? Yes

D
Can the project team demonstrate that the chosen project and site resulted in the lowest 

exposure to site hazards while still meeting project requirements?
Yes

E Was the site chosen to intentionally avoid known site hazards? Yes

F Does the project remove or modify structures subject to frequent damage? No

Yes = 5 of 6

CR2.2 Assess Climate Change Vulnerability 0 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team determined climate change threats to the project and its surroundings? No

B Has the project team determined the vulnerability of the project to climate change threats? No

C
Has the project team determined the vulnerability of the infrastructure system to climate change 

threats?
No

D Has the project team determined the vulnerability of the community to climate change threats? No

E Has the project team or owner shared their climate threat findings? No

Yes = 0 of 5

Metric: The degree to which the project is designed and/or sited to avoid or mitigate site-related risks.

Intent: Minimize or avoid development on sites prone to hazards.

2. RESILIENCE

Applicability:  Projects that are not located within regions at risk of site hazards, and therefore cannot demonstrate they actively avoided 

site hazards, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Intent: Develop a comprehensive climate change vulnerability assessment.

Metric: Scope and comprehensiveness of climate change vulnerability assessment.

Applicability:  This credit is applicable to all projects potentially impacted by climate change, which is the vast majority of infrastructure.

Assessment Questions:
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Envision Framework

Pre-Assessment Checklist

CR2.3 Evaluate Risk and Resilience 0 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project team’s risk assessment include the project, infrastructure system, 

and community? Select one of the following: 
2 No

None

B
Has the project team identified the critical functions and dependencies of the infrastructure asset 

and its primary components?
No

C Has the project team identified the threats or hazards to the project and its surroundings? No

D
Has the project team identified the vulnerabilities of the critical functions and dependencies of the 

infrastructure asset?
No

E
Has the project team evaluated risks by determining the probability of a threat or hazard 

occurring and the associated impacts?
No

F
Did the risk evaluation conducted by the project include the participation of the owner and a 

diverse and integrated team of key stakeholders?
No

Yes = 0 of 6

CR2.4 Establish Resilience Goals and Strategies 0 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified the project performance goals and risk appetite of the owner? No

B
Has the project team developed risk management strategies based on a comprehensive risk 

evaluation?
No

C Have key stakeholders been engaged in developing resilience goals? No

D
Is the project part of, or does it support, larger community resilience or climate change adaptation 

goals?
No

Yes = 0 of 4

Assessment Questions:

Intent: Conduct a comprehensive, multihazard risk and resilience evaluation.

Metric: Scope and comprehensiveness of the multihazard risk and resilience evaluation.

Assessment Questions:

Intent: To support increased project and community resilience through the establishment of clear objectives and goals.

Metric: The degree to which resilience goals expand from initial commitments to quantifiable project objectives, long-term operating 

plans, and community-wide development plans.

Applicability:  All projects that are exposed to risks would benefit from establishing resilience goals and strategies. It would therefore be 

difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Applicability:  It is likely that all projects would benefit from a thorough investigation of potential risks. It would, therefore, be difficult to 

demonstrate that the credit is not relevant or applicable to a project seeking an Envision award. Risks are not always major catastrophic 

events; small and large projects alike may consider how crime/vandalism or personal injury are also potential risks with associated 

impacts.
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Envision Framework

Pre-Assessment Checklist

CR2.5 Maximize Resilience 0 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team developed resilience goals and strategies based on a comprehensive risk 

evaluation?
No

B
Has the project team implemented resilience strategies sufficient to address major project risks 

and improve project resilience?
No

C
Has the project team periodically monitored the implementation of project resilience strategies 

and reviewed their continued effectiveness throughout project delivery?
No

D
Will resilience goals and strategies be incorporated into the ongoing operations and maintenance 

of the project?
No

E Does the project include methods for measuring or quantifying resilience performance targets? No

Yes = 0 of 5

CR2.6 Improve Infrastructure Integration 18 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project increase internal systems integration? Yes

B Will the infrastructure integration reduce the risk of systemic or cascading failures? Yes

C Does the project increase external systems integration? Yes

D Does the project integrate infrastructure networks? Yes

E Does the project integrate data or monitoring systems in order to improve performance? Yes

Yes = 5 of 5

Assessment Questions:

Intent: Increase resilience, life-cycle system performance, and the ability to withstand hazards by maximizing durability.

Metric: The degree to which the project incorporates elements that increase durability, the ability to withstand hazards, and extend 

useful life.

Applicability:  All projects that are exposed to risks would benefit from increased resilience. It would therefore be difficult to demonstrate 

that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

Intent: Enhance the operational relationships and strengthen the functional integration of the project into connected, efficient, and 

diverse infrastructure systems.

Metric: The degree to which the project is integrated into other connected systems, where beneficial and appropriate, in order to 

increase resilience and systems performance.

Applicability:  It is likely that all infrastructure would, and should, benefit from the application of an integrated systems approach. It 

would therefore be difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.
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